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Chapter 1 Introduction
1.1 Background
T o d a y  in  th e  t e l e c o m m u n i c a t i o n  f i e l d ,  t h r e e  m a j o r  t r e n d s  c a n  b e  o b s e r v e d :  th e  e v o l u t i o n  
t o w a r d s  f i x e d  b r o a d b a n d  n e t w o r k s ,  th e  d e v e l o p m e n t  o f  th e  th ir d  g e n e r a t i o n  t e r r e s t r i a l  m o b i l e  
c o m m u n i c a t i o n s  a n d  th e  e m e r g e n c e  o f  m o b i l e  s a t e l l i t e  c o m m u n i c a t i o n s .
T h e  e v o l u t i o n  o f  th e  f i x e d  n e t w o r k  f r o m  th e  I n t e g r a t e d  S e r v i c e s  D i g i t a l  N e t w o r k  ( I S D N )  to  
th e  B r o a d b a n d  I S D N  ( B - I S D N )  a i m s  t o  p r o v i d e  a l l  e x i s t i n g  a n d  e m e r g i n g  t e l e c o m m u n i c a t i o n  
s e r v i c e s  w ith in  o n e  n e t w o r k .  A f t e r  in i t i a l  e f f o r t s  t o  b r i n g  a b o u t  a  s i n g l e  i n f r a s t r u c t u r e  f o r  
v o i c e ,  d a t a  a n d  v i d e o  t r a n s m i s s i o n s  u n d e r  th e  u m b r e l l a  o f  I S D N  h a d  f a i l e d  d u e  t o  th e  e s s e n t i a l  
l i m i t a t io n  o f  c i r c u i t  s w i t c h i n g ,  a  n e w  t e c h n o l o g y ,  A s y n c h r o n o u s  T r a n s f e r  M o d e  ( A T M ) ,  th a t  
e n a b l e s  a  p a c k e t - s w i t c h e d ,  b a n d w id t h - o n - d e m a n d  s e r v i c e s  f o r  v i d e o  a n d  d a t a  t r a n s m i s s i o n s ,  
w a s  d e v e l o p e d .  A T M  t e c h n o l o g y  h a s  b e e n  th e  k e y  t e c h n o l o g y  in  t u r n in g  th e  B - I S D N  v i s i o n  
in t o  r e a l i t y  in  t h e  l a s t  d e c a d e s .  T h e  p r o s p e c t  o f  A T M  a n d  B - I S D N  d e p e n d s  o n  c o m m e r c i a l  
a s p e c t s  s u c h  a s  t h e  a v a i l a b i l i t y  o f  r e a s o n a b l y  p r i c e d  e q u ip m e n t ,  th e  c o n s u m e r s ’ i n t e r e s t  in  th e  
n e w  s e r v i c e s  a n d  t h e  c o s t s  o f  m a i n t a i n i n g  a n d  u p g r a d i n g  e x i s t i n g  s y s t e m s .  H o w e v e r ,  it  i s  
w i d e l y  e n v i s a g e d  t h a t  A T M  w i l l  p l a y  a  m a j o r  r o l e  in  th e  f u t u r e  t e l e c o m m u n i c a t i o n s  [ P R Y 9 3 ] .
T e l e c o m m u n i c a t i o n s  h a s  a l s o  r a p i d l y  e x t e n d e d  in  th e  m o b i l e  a r e a .  C e l l u l a r  r a d i o  t e c h n o l o g y  
h a s  e n j o y e d  e x p l o s i v e  g r o w t h  w o r l d w id e  t o  m e e t  th e  d e m a n d  f o r  p e r s o n a l  m o b i l i t y  th a t  
c a n n o t  b e  p r o v i d e d  b y  th e  f i x e d  n e t w o r k .  T h i s  e x p a n s i o n  h a s  b e e n  s t i m u l a t e d  b o th  b y  
t e c h n o l o g i c a l  a d v a n c e s  a n d  b y  i n c r e a s e d  d e m a n d s  f o r  m o b i l e  s e r v i c e s .  A d v a n c e s  in  
s e m i c o n d u c t o r  t e c h n o l o g y  a l l o w  lo w  c o s t ,  l i g h t w e i g h t  a n d  p o r t a b l e  u n i t s  t o  c o m e  o n t o  th e  
m a r k e t ,  f u e l l i n g  t h e  i n c r e a s e  o f  l a n d  m o b i l e  s e r v i c e s .  A l o n g  w ith  v o i c e  s e r v i c e ,  m o b i l e  
s y s t e m s  a l s o  h a v e  e x t e n d e d  d a t a  t r a n s m i s s i o n  c a p a b i l i t y  t o  o f f e r  f e a t u r e s  s u c h  a s  f a x ,  s h o r t  
m e s s a g e  s e r v i c e  a n d  p a g i n g .  S i n c e  th e  f i r s t  c e l l u l a r  m o b i l e  t e l e p h o n e  n e t w o r k s  w e r e  
in t r o d u c e d  in  th e  e a r l y  1 9 8 0 s ,  g r o w t h  in  th e  n u m b e r  o f  s u b s c r i b e r s  h a s  a c c e l e r a t e d  r a p i d l y  in  
b o t h  th e  m o s t  d e v e l o p e d  a n d  d e v e l o p i n g  c o u n t r i e s .  F u r t h e r m o r e ,  p r o g r e s s  f r o m  th e  s e c o n d -  
g e n e r a t i o n  to  t h i r d - g e n e r a t io n  m o b i l e  s y s t e m s  t h a t  o f f e r  h ig h e r  c a p a c i t i e s ,  m o r e  s e r v i c e s ,  
b e t t e r  p e r f o r m a n c e  a n d  h ig h e r  c o s t - e f f e c t i v e n e s s ,  h a s  o c c u r r e d .
H o w e v e r ,  b o t h  f i x e d  a n d  t e r r e s t r i a l  m o b i l e  s y s t e m s  c a n n o t  e c o n o m i c a l l y  p r o v i d e  s e r v i c e s  in  
s u c h  a r e a s  a s  s e a s ,  m o u n t a in s  a n d  f o r e s t s  w i t h o u t  u s i n g  s a t e l l i t e s ,  w h ic h  c a n  e x t e n d  c o v e r a g e  
to  f o r m  a  t r u ly  g l o b a l  c o v e r a g e .  T h e  f i r s t  s a t e l l i t e  c o n s t e l l a t i o n  c o n s i s t i n g  o f  t h r e e  s a t e l l i t e s
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w a s  p r o p o s e d  b y  A r t h u r  C .  C l a r k e  in  1 9 4 5  a n d  th e  f i r s t  s a t e l l i t e  S P U T N I K  w a s  s u c c e s s f u l l y  
l a u n c h e d  in to  o r b i t  in  1 9 5 7  b y  th e  f o r m e r  S o v i e t  U n i o n .  S a t e l l i t e  c o m m u n i c a t i o n  t e c h n o l o g i e s  
t h e n c e f o r t h  h a v e  b e c o m e  p a r t  o f  p e o p l e ’ s  e v e r y d a y  l i f e .  T h e  o l d  g e n e r a t i o n  G e o s y n c h r o n o u s  
E a r t h  O r b i t  ( G E O )  s a t e l l i t e  s y s t e m s  s u c h  a s  I N T E L S A T  a n d  I N M A R S A T  h a v e  b e e n  in  
o p e r a t i o n  f o r  a b o u t  t h r e e  d e c a d e s  a n d  h a v e  b e e n  u s e d  f o r  m a n y  p u r p o s e s  i n c l u d i n g  w e a t h e r  
f o r e c a s t i n g ,  n a v i g a t i o n ,  r e c o n n a i s s a n c e  a n d  c o m m u n i c a t i o n s  [ C O M 9 7 ] .
In  th e  1 9 8 0 's ,  m o b i l e - s a t e l l i t e  s e r v i c e  t e c h n o l o g y  a d v a n c e d  f r o m  in i t i a l  c o n c e p t s  to  p r a c t i c a l  
s y s t e m  d e s i g n  a n d  s e r v i c e  im p le m e n t a t io n .  S i n c e  th e n  t h e r e  h a s  b e e n  im p le m e n t a t io n  o f  
r e g io n a l  a n d  d o m e s t i c  G E O  m o b i l e  s a t e l l i t e s .  D u e  t o  th e  l o n g  p r o p a g a t i o n  d e l a y  a s s o c i a t e d  
w ith  G E O  s a t e l l i t e s ,  L o w  E a r t h  O r b i t / M e d i u m  E a r t h  O r b i t  ( L E O / M E O )  s a t e l l i t e s  h a v e  
r e c e n t ly  a t t r a c t e d  m u c h  in t e r e s t  f o r  t h e i r  l o w - d e l a y  t r a n s m i s s i o n  f e a t u r e s  a n d  c h a r a c t e r i s t i c s  
th a t  c a n  b e t t e r  s u p p o r t  r e a l - t im e  s e r v i c e s .  L E O / M E O  s a t e l l i t e s  h a v e  a  r e l a t i v e l y  s h o r t  l i f e t i m e  
a n d  d i s a d v a n t a g e  o f  c o m p l i c a t e d  s a t e l l i t e  t r a c k i n g  a n d  o p e r a t io n  d u e  to  d y n a m ic  s a t e l l i t e  
m o v e m e n t .  B o t h  G E O  a n d  M E O / L E O  h a v e  t h e i r  o w n  d i s t i n c t i v e  a d v a n t a g e s  a n d  b o t h  w i l l  
c o n t r ib u t e  t o  f u t u r e  g l o b a l  c o m m u n i c a t i o n s .
In  r e c e n t  y e a r s ,  d r iv e n  b y  c o n v e r g i n g  t e c h n o l o g i c a l  a n d  e c o n o m i c  f o r c e s  a n d  d e m a n d s  f o r  
g l o b a l  a c c e s s ,  c o n n e c t iv i t y  a n d  m o r e  s e r v i c e  t y p e s ,  th e  c o m p e t i t io n  t o  b u i l d  g l o b a l  s a t e l l i t e  
n e t w o r k s  t o  d e l i v e r  m o b i l e  s e r v i c e s  h a s  b e e n  in t e n s e  [ S T U 9 7 ] .  A  n u m b e r  o f  L E O  a n d  M E O  
s y s t e m s  s u c h  a s  I R I D I U M  ( n o w  d e c e a s e d )  a n d  G L O B A L S T A R  h a v e  b e e n  d e v e l o p e d ,  a n d  a r e  
b e i n g  c o n c e i v e d  b y  o t h e r  t e l e c o m  p l a y e r s  s u c h  a s  I C O - T e l e d e s i c  t o  p r o v i d e  s p a c e - b a s e d  
t e l e c o m m u n i c a t i o n s .
M o t o r o l a ’ s  I R I D I U M  s y s t e m  w a s  c o n c e i v e d  in  1 9 8 7 ,  a n d  i s  t h e  v e r y  f i r s t  p r i v a t e  g l o b a l  
w i r e l e s s  c o m m u n i c a t i o n  s y s t e m  th a t  u t i l i s e s  s m a l l  h a n d h e ld  t e r m i n a l s  t o  p r o v i d e  v o i c e  
s e r v i c e s  a l o n g  w ith  f a x ,  p a g i n g  a n d  lo w  r a t e  d a t a  t r a n s m i s s i o n  s e r v i c e s  o v e r  s a t e l l i t e .  T h e  
I R I D I U M  s y s t e m  w a s  c o m p l e t e l y  d e p l o y e d  in  M a y  1 9 9 8 .  It  w a s  e x p e c t e d  t o  p r o v i d e  c e l l u l a r -  
l i k e  s e r v i c e s  in  t h e  a r e a s  w h e r e  t e r r e s t r i a l  c e l l u l a r  s e r v i c e  i s  u n a v a i l a b l e ,  o r  w h e r e  th e  P u b l i c  
S w i t c h e d  T e l e p h o n e  N e t w o r k  ( P S T N )  i s  n o t  w e l l  d e v e l o p e d .  I R I D I U M  r e p r e s e n t s  o n e  o f  th e  
l a r g e s t  e v e r  g l o b a l  s e r v i c e  l a u n c h e s .  I t s  l a u n c h  i m p l i e s  th e  a d v a n c e  o f  th e  p e r s o n a l  s a t e l l i t e  
c o m m u n i c a t i o n s .
U n f o r t u n a t e l y ,  I R I D I U M  w a s  f in a l l y  d e c e a s e d  a f t e r  t w o  y e a r s  s i n c e  i t s  f i r s t  l a u n c h .  
T e l e c o m m u n i c a t i o n  a n a l y s t s  p o in t e d  o u t  a  v a r i e t y  o f  f a c t o r s  i n c l u d i n g  p o o r  m a r k e t i n g  
c a m p a i g n ,  l im i t e d  in - b u i l d i n g  u s a g e ,  h ig h  c o s t  a n d  u n d e s i r a b l e  h a n d s e t s  ( l a r g e ,  h e a v y ,  
e x p e n s i v e  a n d  s h o r t  b a t t e r y  l i f e ) .  I R I D I U M  a l s o  s u f f e r e d  f r o m  th e  t h r e a t s  o f  t h e  c o n t in u e d  r o l l  
o u t  o f  im p r o v e d  c e l l u l a r  G S M  n e t w o r k s  a n d  th e  in t r o d u c t io n  o f  th e  th ir d  g e n e r a t i o n  m o b i l e
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s y s t e m s .  I t  i s  p e r c e i v e d  th a t  o n e  o f  th e  b i g  d e s i g n  s t r a t e g y  f a i l u r e s  i s  t h a t  I R I D I U M  o n ly  
o f f e r e d  e n o u g h  b a n d w id t h  f o r  v o i c e  a n d  p a g i n g  s e r v i c e s  b u t  f a i l e d  t o  o f f e r  t h e  a d a p t a b i l i t y  
t o w a r d s  th e  n e x t  g e n e r a t i o n  b r o a d b a n d  s a t e l l i t e  s y s t e m s  [R O B O O ]. H o w e v e r ,  th e  l a t e s t  
t e l e c o m  s p a c e  r a c e  b e t w e e n  c o m p a n i e s  l i k e  I N M A R S A T ,  I C O - T e l e d e s i c  a n d  G l o b a l s t a r  i s  
e v e n  m o r e  a m b i t io u s  th a n  I R I D I U M ’ s  p l a n  t o  p r o v i d e  th e  b r o a d b a n d  t e l e c o m  s e r v i c e s  o f  
m u c h  h i g h e r  c a p a c i t y  a n d  w i d e r  b r e a d t h .
T h e  s t r o n g  d e m a n d  f o r  a  b r o a d b a n d  c o m m u n i c a t i o n  s y s t e m  th a t  w i l l  p r o v i d e  v o i c e ,  d a t a ,  
in t e r n e t ,  v i d e o  a n d  o t h e r  e x i s t i n g  a n d  e m e r g i n g  m u l t i m e d i a  s e r v i c e s  t o  a n y o n e  a n y w h e r e  w ith  
w o r l d w id e  c o n n e c t i v i t y  a n d  m o b i l i t y  h a s  s p u r r e d  th e  n e e d  f o r  a n  i n t e g r a t io n  o f  t e r r e s t r i a l  a n d  
s a t e l l i t e  n e t w o r k s .  S a t e l l i t e  n e t w o r k s  a r e  e x p e c t e d  t o  i n t e r f a c e  w ith  t e r r e s t r i a l  n e t w o r k s  a t  
h ig h  d a t a  r a t e s  a n d  a l s o  p r o v i d e  n e t w o r k in g  a c c e s s  t o  a  v a r i e t y  o f  u s e r s  d i r e c t l y .  R e s e a r c h  a n d  
d e v e l o p m e n t  o n  s a t e l l i t e  a n d  t e r r e s t r i a l  n e t w o r k  i n t e g r a t io n  a r e  i n c r e a s i n g  a t  a n  
u n p r e c e d e n t e d l y  f a s t  p a c e .
W it h in  s a t e l l i t e  n e t w o r k s ,  t h e  c u r r e n t  t e c h n o l o g y  t r e n d  i s  to  u s e  In t e r n e t  P r o t o c o l s  ( I P )  a n d  
A T M  t o  c a r r y  a  v a r i e t y  o f  s e r v i c e s .
T h e  c o n s i d e r a t i o n  o f  u s i n g  I P  i s  b e c a u s e  o f  th e  g r o w t h  o f  I n te r n e t  n e t w o r k s  a n d  th e  i n c r e a s i n g  
u s a g e  o f  th e  I n t e r n e t  s e r v i c e s  o n  th e  g r o u n d .  T C P / I P  w a s  o r i g i n a l l y  d e s i g n e d  f o r  d a t a  
t r a n s m i s s i o n .  T h e  a d v a n t a g e s  o f  s i m p l i c i t y ,  s c a l a b i l i t y  a n d  u n i v e r s a l i t y  w e r e  th e  k e y s  o f  i t s  
s u c c e s s .  V i s i o n i n g  th e  m u l t i m e d i a  c o m m u n i c a t i o n  fu t u r e ,  e x t e n s i v e  r e s e a r c h  a n d  
d e v e l o p m e n t  in  m o d i f i c a t i o n  a n d  e n h a n c e m e n t  o f  T C P / I P  i s  b e i n g  p u r s u e d  t o  s a t i s f y  n e w  a n d  
e m e r g i n g  n e e d s  s u c h  a s  s u p p o r t i n g  v o i c e ,  v i d e o - c o n f e r e n c i n g  a n d  p r o v i d i n g  s e c u r i t y  a n d  
m o b i l i t y  [ J A I 9 8 ] .
H o w e v e r ,  T C P / I P  w a s  d e v e l o p e d  w i t h o u t  t a k i n g  in t o  c o n s i d e r a t i o n  i t s  p e r f o r m a n c e  o v e r  lo n g -  
d e l a y  s a t e l l i t e  l i n k s ,  w ith  th e  r e s u l t  th a t  e x t e n s i v e  e f f o r t s  a r e  n o w  u n d e r w a y  t o  e x t e n d  i t s  
f u n c t i o n a l i t y  w ith  a d d e d  f e a t u r e s  f o r  th e  s a t e l l i t e  e n v i r o n m e n t  s u c h  a s  l a r g e r  T C P  w i n d o w s ,  
s e l e c t i v e  a c k n o w l e d g e m e n t  a n d  b e t t e r  c o n g e s t i o n  a v o i d a n c e  [N E T O O ].
C o m p a r e d  t o  I P ,  A T M  w a s  d e s i g n e d  t o  h a n d le  r e a l  t im e  v o i c e  a n d  v i d e o ,  in  a d d i t i o n  t o  m o r e  
c o n v e n t io n a l  c o m p u t e r  d a t a .  It  i s  c a p a b l e  o f  p r o v i d i n g  s e r v i c e s  t o  a l l  t r a f f i c  t y p e s .  I t  h a s  
a d v a n t a g e s  o f  o f f e r i n g  a  w id e  r a n g e  o f  Q o S  g u a r a n t e e s  a n d  h ig h  b a n d w id t h  u t i l i s a t i o n  b y  
d e p l o y i n g  th e  b a n d w id t h  o n  d e m a n d .  B e c a u s e  o f  t h e s e  a d v a n t a g e s ,  A T M  i s  c o n s i d e r e d  to  p l a y  
a  m a j o r  r o l e  in  th e  f u t u r e  t e l e c o m m u n i c a t i o n s .
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T h e  d e v e l o p m e n t  o f  A T M  i n s p i r e d  t h e  n e e d  t o  c r e a t e  in t e g r a t e d  s y s t e m s  c o n n e c t i n g  A T M  a n d  
s a t e l l i t e s  f o r  th e  n e x t  g e n e r a t i o n  s a t e l l i t e  t e l e c o m m u n i c a t i o n s  [ A K Y 9 7 ] .  M o s t  o f  th e  n e x t  
g e n e r a t i o n  b r o a d b a n d  s a t e l l i t e  s y s t e m s  p r o p o s e d ,  s u c h  a s  A s t r o l i n k ,  S P A C E W A Y ,  
S k y B r i d g e ,  E u r o S k y W a y ,  C e l e s t r i ,  c o n s i d e r  u s i n g  A T M  o r  A T M  b a s e d  t e c h n o l o g y  o v e r  
s a t e l l i t e  t o  p r o v i d e  s e r v i c e s  r e q u i r i n g  m o b i l i t y  o r / a n d  h ig h e r  b a n d w id t h .  A s  I n t e r n e t  a n d  
p r i v a t e  in t r a n e t  a p p l i c a t i o n s  w i l l  a l s o  b e  c a r r i e d  o v e r  in t e g r a t e d  A T M - s a t e l l i t e  n e t w o r k ,  s o m e  
r e s e a r c h  p r o j e c t s  a r e  e a r n e d  o u t  t o  i n v e s t i g a t e  t h e  I P  o v e r  A T M - s a t e l l i t e  n e t w o r k s  [ G O Y 9 9 ] .  
In  t h e s e  p r o p o s e d  s a t e l l i t e  s y s t e m s ,  A T M  i s  u s e d  t o  p r o v i d e  a t  l e a s t  p a c k e t  t r a n s p o r t  l a y e r  
s e r v i c e s .
F u r t h e r m o r e ,  th e  n e w  a d v a n c e d  s a t e l l i t e  s y s t e m s ,  p r o v i d e d  w ith  o n - b o a r d  s w i t c h i n g ,  
p r o c e s s i n g  a n d  i n t e r s a t e l l i t e  l i n k s ,  p r o v i d e  a  b e t t e r  e n v i r o n m e n t  f o r  e x t e n d i n g  A T M  
t e c h n o l o g y .  S e e k i n g  a  s e a m l e s s  in t e g r a t io n  o f  t e r r e s t r i a l  A T M  a n d  s a t e l l i t e s  w h i l s t  p r o v i d i n g  
a  r e q u i r e d  Q o S ,  h a s  t h e r e f o r e  b e c o m e  a  m a j o r  t o p i c  f o r  th e  c u r r e n t  r e s e a r c h  a n d  d e v e l o p m e n t .
1.2 M o t i v a t i o n
A s  th e  u s e r  m o b i l i t y  a n d  a i r  i n t e r f a c e  a r e  to  b e  m e r g e d  in to  a n  in t e g r a t e d  s y s t e m ,  a r e a s  f o r  
i m m e d i a t e  c o n s i d e r a t i o n s  in  A T M  v i a  s a t e l l i t e  in c lu d e  m a n y  n e w  a s p e c t s .  F r o m  a  s i g n a l l i n g  
p r o t o c o l  d e s i g n  p o in t  o f  v i e w ,  t h e s e  i s s u e s  c a n  b e  d i v i d e d  in to  t w o  c a t e g o r i e s ,  th e  r a d i o  
c o n n e c t i o n  m a n a g e m e n t  r e l a t e d  i s s u e s  a n d  m o b i l i t y  e n h a n c e m e n t  r e l a t e d  i s s u e s ,  a s  s h o w n  in  
F i g u r e  1 -1 .
Higher layer
Mobility enhanced 
call control layer
A A L A A L
ATM  layer ATM  layer
PHY x Radio connection management layers
PHY
Mobility management. 
Security & Authentication, 
Call control. -  
Additional signalling.
(for mobile specific services)
-  Radio connection set-up, 
maintenance, release. 
Radio resource management, 
Provision of QoS to ensure 
ATM layer QoS.
Location update 
Authentication. 
Handover and call routing. 
Call establishment, etc.
Multiple access, 
Logic link control. 
Error control. 
Resource allocation. 
Connection management.
ATM  protocol ATM -satellite protocol M ai ° r functions required 
F i g u r e  1-1 A T M - s a t e l l i t e  in t e g r a t io n  i s s u e s .
M ajor Issues to 
be addressed
T h e  r a d i o  c o n n e c t io n  m a n a g e m e n t  r e l a t e d  p r o t o c o l s  a r e  e x p e c t e d  t o  b e  p l a c e d  b e l o w  th e  
A T M  l a y e r  t o  p r o v i d e  r a d i o  c o n n e c t i o n  e s t a b l i s h m e n t ,  m a in t e n a n c e  a n d  r e l e a s e  s e r v i c e s  t o  th e
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A T M  l a y e r  a n d  t o  e n s u r e  th a t  th e  A T M  l a y e r  r e q u i r e d  Q o S  c a n  b e  s a t i s f i e d .  P r o t o c o l  i s s u e s  
s u c h  a s  w i r e l e s s  m u l t ip le  a c c e s s ,  l o g i c  l in k  c o n t r o l ,  c o n n e c t io n  m a n a g e m e n t  a n d  r e s o u r c e  
a l l o c a t i o n  n e e d  t o  b e  a d d r e s s e d .  M e a n w h i l e ,  th e  s a t e l l i t e  c h a n n e l  e f f i c i e n c y  i s  a l s o  r e q u i r e d  to  
b e  m a i n t a in e d .  T h i s  r e q u i r e s  th a t  th e  r a d i o  c o n n e c t i o n  m a n a g e m e n t  r e l a t e d  p r o t o c o l s ,  s u c h  a s  
M u l t i p l e  A c c e s s  C o n t r o l  ( M A C )  a n d  L o g i c  L i n k  C o n t r o l  ( L L C ) ,  n e e d  t o  b e  o p t i m i s e d  to  
a d a p t  t o  d i f f e r e n t  A T M  s e r v i c e s  t y p e s .
A s  m a n y  p r o p o s e d  s a t e l l i t e  s y s t e m s  u s e  A T M  a s  th e  p a c k e t  t r a n s p o r t  p r o t o c o l ,  Q o S  
p r o v i s i o n i n g  f o r  th e  A T M  l a y e r  i s  e s p e c i a l l y  im p o r t a n t .  A  s u c c e s s f u l  s e a m l e s s  in t e g r a t io n  o f  
t e r r e s t r i a l  A T M  a n d  s a t e l l i t e s  r e l i e s  o n  a  s u c c e s s f u l  m a in t e n a n c e  o f  Q o S  c o m p a r a t i v e  t o  th a t  
o f  t e r r e s t r i a l  A T M ,  w h ic h  o f f e r s  a  w id e  r a n g e  o f  q u a l i t y  l e v e l s  f r o m  g u a r a n t e e d ,  b e s t  e f f o r t ,  to  
n o n - g u a r a n t e e d  Q o S  [ B H A 9 7 ] .  T e r r e s t r i a l  A T M  s u c c e e d s  in  a c h i e v i n g  a  h ig h  p r o t o c o l  
e f f i c i e n c y  b y  t a k i n g  a d v a n t a g e  o f  th e  l o w  b i t  e r r o r  f ib r e  t r a n s m i s s i o n  m e d i a  a n d  u s i n g  
t e c h n i q u e s  s u c h  a s  s t a t i s t i c a l  m u l t i p l e x in g ,  t r a f f i c  c o n t r a c t  a n d  V i r t u a l  P a t h  I d e n t i f i e r / V i r t u a l  
C o n n e c t i o n  I d e n t i f i e r  ( V P I / V C I )  s w i t c h in g .  B u t  it  d o e s  n o t  s u p p o r t  u s e r  m o b i l i t y  a n d  h a s  
s o m e  p r o t o c o l  f u n c t i o n  s i m p l i c i t i e s  s u c h  a s  n o  l in k - b y - l in k  e r r o r  c o n t r o l  p e r f o r m e d  f o r  4 8  
b y t e  c e l l  p a y l o a d s  a t  th e  p h y s i c a l  a n d  A T M  la y e r .  In  s a t e l l i t e  s y s t e m s ,  f a c t o r s  s u c h  a s  s a t e l l i t e  
c h a n n e l  im p a i r m e n t s ,  u s e r  m o b i l i t y ,  l o n g  p r o p a g a t i o n  d e l a y  a n d  L E O / M E O  c o n s t e l l a t i o n  
d y n a m ic s  d e g r a d e  th e  s y s t e m  p e r f o r m a n c e  a t  th e  r a d i o  in t e r f a c e .  T h e s e  f a c t o r s  i m p a c t  o n  th e  
t r a n s p o r t a t io n  o f  A T M  t r a f f i c  o v e r  s a t e l l i t e s  a n d  o n  th e  c o n n e c t io n  m a n a g e m e n t  r e l a t e d  
f u n c t i o n a l i t i e s  a t  th e  a i r  i n t e r f a c e .  T h e r e  i s  t h u s  a  d i f f e r e n c e  in  p e r f o r m a n c e  b e t w e e n  
t e r r e s t r i a l  A T M  a n d  A T M  o v e r  s a t e l l i t e .  S u c h  d i s c r e p a n c i e s  c a n  h o w e v e r  b e  r e s o l v e d  b y  
p r o v i s i o n  o f  n e w  c o n n e c t io n  m a n a g e m e n t  s c h e m e  a t  th e  r a d i o  in t e r f a c e .
T h e  m a in  m o b i l i t y  r e l a t e d  p r o t o c o l  f u n c t i o n s  a r e  in c o r p o r a t e d  in to  th e  h i g h e r  l a y e r  o f  th e  
A T M  p r o t o c o l .  T h e y  a r e  m a in ly  r e q u i r e d  t o  p r o v i d e  m o b i l i t y  a n d  s e c u r i t y  s e r v i c e s .  S o m e  
a d d i t i o n a l  s i g n a l l i n g  m a y  b e  a d d e d  t o  s e r v e  th e  m o b i l e  s p e c i f i c  s e r v i c e s  s u c h  a s  s h o r t  
m e s s a g e .  I s s u e s  s u c h  a s  l o c a t i o n  u p d a t e ,  h a n d o v e r ,  c a l l  r o u t in g  a n d  c a l l  e s t a b l i s h m e n t  n e e d  to  
b e  a d d r e s s e d .
In  o r d e r  t o  a d d r e s s  th e  a b o v e - m e n t i o n e d  i s s u e s ,  in  t h i s  w o r k ,  w e  i n v e s t i g a t e  a  f u l l y  in t e g r a t e d ,  
m o b i l i t y  e n h a n c e d  s i g n a l l i n g  p r o t o c o l  a r c h i t e c t u r e  f o r  A T M - s a t e l l i t e  n e t w o r k s ,  w h ic h  
p r o v i d e s  m o b i l i t y  s u p p o r t  t o  th e  u s e r  t e r m i n a l s .  O u r  f o c u s  w i l l  b e  o n  d e s i g n i n g  a n  a i r  
i n t e r f a c e  c o n n e c t io n  m a n a g e m e n t  s c h e m e  a n d  o p t i m i s i n g  th e  M A C  a n d  L L C  p r o t o c o l s  in  
o r d e r  t o  f l e x i b l y  h a n d le  d i f f e r e n t  A T M  s e r v i c e s  t y p e s  a n d  a c h i e v e  s a t e l l i t e  c h a n n e l  e f f i c i e n c y .  
O n  th e  L L C  l a y e r ,  w e  o p t i m i s e  th e  A u t o m a t i c  R e p e a t  r e Q u e s t  ( A R Q )  t h a t  h a s  d i r e c t  im p a c t  
o n  th e  Q o S  o f  A T M  la y e r .
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1.3 R e s e a r c h  Obj e c t i v e
B a s e d  o n  t h e  n e w  r e q u i r e m e n t s  o f  s a t e l l i t e - A T M  n e t w o r k  in  t h i s  r e s e a r c h ,  w e  t a r g e t  a t  
p r o p o s i n g  a  m o b i l i t y - e n h a n c e d  a n d  f u l l y  in t e g r a t e d  s i g n a l l i n g  a n d  p r o t o c o l  a r c h i t e c t u r e  f o r  
A T M - s a t e l l i t e  n e t w o r k s  a n d  d e s i g n i n g  a n  e f f i c i e n t  r a d i o  c o n n e c t io n  m a n a g e m e n t  s c h e m e  
( C M S )  f o r  p r o v i s i o n i n g  a  Q o S - g u a r a n t e e d  t r a n s p o r t  o f  A T M  t r a f f i c  o v e r  s a t e l l i t e  l in k s .  
B e c a u s e  C M S  u t i l i s e s  s e r v i c e s  p r o v i d e d  b y  M A C  a n d  L L C  p r o t o c o l s ,  M A C  a n d  L L C  
p r o t o c o l s  f i r s t l y  n e e d  to  b e  o p t i m i s e d  in  o r d e r  t o  a c h i e v e  a  t r u ly  e f f e c t i v e  C M S  a n d  s a t e l l i t e  
c h a n n e l  e f f i c i e n c y .  F o u r  b a s i c  c r i t e r i a ,  p r o v i s i o n i n g  o f  r e q u i r e d  Q o S ,  m a x i m u m  s y s t e m  
c a p a c i t y ,  s y s t e m  i m p le m e n t a t io n  s i m p l i c i t y  a n d  m in im u m  m o d i f i c a t i o n  o f  t h e  A T M ,  a r e  th e  
m a in  c o n s i d e r a t i o n s  d u r in g  t h i s  w o r k .
T h e  e v e n t u a l  s y s t e m  s h o u l d  e n a b l e  th e  n e t w o r k  to  h a n d le  d i f f e r e n t  A T M  s e r v i c e s  a c c o r d i n g  
t o  t h e i r  s e r v i c e  t y p e s  a n d  Q o S  r e q u i r e m e n t s  a n d  k e e p  u n u s e d  b a n d w id t h  o n  a  c o n n e c t i o n  to  a  
m in im u m . T h e  d e s i g n e d  a i r  i n t e r f a c e  A T M - s a t e l l i t e  s i g n a l l i n g  a n d  p r o t o c o l s  s h o u l d  b e  m a d e  
e f f i c i e n t  a n d  h a r m o n i s e d  w ith  th e  A T M  p r o t o c o l .  E x t e n d e d  m o b i l i t y  f u n c t i o n s  a n d  s a t e l l i t e  
l in k  r e l a t e d  M A C  a n d  L L C  s u b - l a y e r s  n e e d  to  b e  i n c o r p o r a t e d  in to  th e  e x i s t i n g  A T M  la y e r s .  
C a l l  c o n t r o l  f u n c t i o n s  n e e d  t o  b e  p r o m o t e d  f r o m  th e  e x i s t i n g  A T M  s i g n a l l i n g .  S i g n a l l i n g  
im p l e m e n t a t i o n  i s s u e s  i n c l u d i n g  r o u t in g ,  l o c a t i o n  m a n a g e m e n t ,  h a n d o v e r  a n d  s i g n a l l i n g  
p r o c e d u r e s  n e e d  a l s o  t o  b e  a d d r e s s e d  [ J A I 9 7 ] .
1.4 R e s e a r c h  A p p r o a c h
A  s u r v e y  w a s  f i r s t  c o n d u c t e d  t o  s t u d y  p r o t o c o l  i s s u e s  a n d  p r o t o c o l  m o d i f i c a t i o n / e n h a n c e m e n t  
p r o p o s a l s  o n  th e  in t e g r a t io n  o f  A T M  a n d  s a t e l l i t e s  in  th e  w i r e l e s s  r e l a t e d ,  e . g .  
[ C H I 9 4 ]  [ R A Y 9 4 ]  [ D O S 9 5 ]  [ A C A 9 6 ]  [ A Y A 9 6 ]  [ R A Y 9 6 ]  [ U M E 9 6 ]  [W A K 9 6 ]  [ J A I 9 7 ]  [ K O T 9 7 ]. 
B u i l d i n g  o n  t h e s e  r e s e a r c h  c o n t r ib u t i o n s  a n d  t a k i n g  in t o  a c c o u n t  s p e c i a l  f e a t u r e s  o f  s a t e l l i t e  
s y s t e m s ,  w e  p r o p o s e d  a  f u l l y  in t e g r a t e d  a n d  f l e x i b l e  A T M - s a t e l l i t e  s i g n a l l i n g  p r o t o c o l  
a r c h i t e c t u r e .
G i v e n  th a t  th e  M A C  a n d  L L C  p r o t o c o l s  a r e  th e  t w o  m a jo r  p r o t o c o l s  c o n t r ib u t i n g  t o  th e  
o v e r a l l  s y s t e m  p e r f o r m a n c e  a n d  p r o v i d e  s e r v i c e s  t o  r a d i o  c o n n e c t io n  m a n a g e m e n t ,  w e  t h u s  
f i r s t  i n v e s t i g a t e d  a n d  o p t i m i s e d  t h e s e  t w o  p r o t o c o l s  s e p a r a t e l y .  T h e  M A C  p r o t o c o l  ( T D M A  
b a s e d )  i s  o p t i m i s e d  t o  b e  a d a p t i v e  t o  d i f f e r e n t  s e r v i c e  t y p e s  a n d  t o  u s e  a s s i g n m e n t - o n - d e m a n d  
t o  a c h i e v e  a  m a x i m u m  c h a n n e l  u t i l i s a t i o n  a n d  lo w  a c c e s s  d e l a y .  T h e  o p t i m i s a t i o n  is  
c o n s i d e r e d  f o r  b o t h  u s e r  d a t a  a n d  s i g n a l l i n g  t r a f f i c .  T h e  A R Q  p r o t o c o l s  o f  th e  L L C  l a y e r  h a v e  
d i r e c t  i m p a c t s  o n  th e  Q o S  o f  A T M  la y e r .  W e  t h e r e f o r e  o p t i m i s e  th e  A R Q  s c h e m e  to  b e
6
Introduction
s e r v i c e -  a n d  r e l i a b i l i t y - d e p e n d e n t  in  o r d e r  t o  m e e t  th e  Q o S  p a r a m e t e r s  o f  c e l l  t r a n s f e r  d e l a y  
a n d  c e l l  l o s s  r a t i o  a n d  to  e n h a n c e m e n t  o f  t h e  e r r o r  c o n t r o l  p e r f o r m e d  b y  H e a d  E r r o r  C o n t r o l  
( H E C )  a n d  A T M  A d a p t a t i o n  L a y e r  ( A A L )  s o  th a t  s e r i o u s  c e l l  d i s c a r d i n g  o n  A T M  l a y e r  c a n  
b e  a v o i d e d .  I t  w a s  a l s o  m o d i f i e d  t o  o v e r c o m e  th e  l o w  c h a n n e l  e f f i c i e n c y  p r o b l e m  e n c o u n t e r e d  
in  a n  e n d - t o - e n d  c o n n e c t io n  r o u t e d  th r o u g h  i n t e r s a t e l l i t e  l i n k s  ( I S L ) ,
B a s e d  o n  th e  o p t i m i s e d  M A C  a n d  A R Q  p r o t o c o l ,  w e  th e n  i n v e s t i g a t e d  th e  r a d i o  c o n n e c t io n  
m a n a g e m e n t  ( C M )  s c h e m e s  th a t  c o u l d  p r o v i d e  a  Q o S - g u a r a n t e e d  A T M  t r a f f i c  t r a n s m i s s i o n  
o v e r  s a t e l l i t e  c h a n n e l s .  A  C M  s c h e m e  i s  m a in ly  a f f e c t e d  b y  f o u r  f a c t o r s ,  e . g .  th e  p h y s i c a l  
c h a n n e l ,  th e  M A C  p r o t o c o l ,  th e  l o g i c  l in k  c o n t r o l  p r o t o c o l  a n d  th e  r e s o u r c e  a l l o c a t i o n  
s c h e m e .  T h e s e  f o u r  f a c t o r s  h a v e  u s u a l l y  b e e n  s t u d i e d  s e p a r a t e l y  in  t h e  p r e v i o u s  r e s e a r c h  
w o r k .  H o w e v e r ,  h e r e in  w e  s t u d y  t h e m  t o g e t h e r  a s  t h i s  i s  m o s t  a p p r o p r i a t e  f o r  a n  e f f e c t i v e  
A T M  t r a f f i c  t r a n s p o r t a t i o n  s c h e m e  o v e r  s a t e l l i t e .  T h e  p e r f o r m a n c e  o b j e c t i v e s  f o r  t h e  A T M  
t r a f f i c  t r a n s m i s s i o n  o v e r  s a t e l l i t e  w e r e  s t u d ie d  f i r s t ,  th e n  a  n o v e l  r a d i o  c o n n e c t io n  
m a n a g e m e n t  s c h e m e  w a s  p r o p o s e d .  T h e  s c h e m e  c a n  c o m p e n s a t e  Q o S  d e g r a d a t io n  c a u s e d  b y  
th e  m o b i l e  r a d i o  e n v i r o n m e n t  a n d  e n a b l e s  th e  n e t w o r k  t o  m a p  a n  A T M  s e r v i c e  o n t o  a  s u i t a b l e  
s a t e l l i t e  c o n n e c t io n  w ith  m in im u m  b a n d w id t h  p r o v i s i o n i n g .  I t  w a s  th e n  o p t i m i z e d  t o  a c h i e v e  
s p e c i f i c  p e r f o r m a n c e  o b j e c t i v e s  o f  c e l l  l o s s  r a t e  ( C L R ) ,  c e l l  t r a n s f e r  d e l a y  ( C T D )  a n d  
b a n d w id t h  e f f i c i e n c y  in  th e  A T M - s a t e l l i t e  n e t w o r k .
In  a d d i t i o n  to  th e  p r o p o s e d  c o n n e c t io n  m a n a g e m e n t  s c h e m e ,  w e  h a v e  i n v e s t i g a t e d  th e  
c o n n e c t i o n  c o n t r o l  a n d  th e  c a l l  h a n d l i n g  p r o t o c o l s .  O u r  in t e r e s t s  w e r e  e s p e c i a l l y  o n  th e  
e s t a b l i s h m e n t  o f  b o t h  s i g n a l l i n g  c o n n e c t i o n  a n d  t r a f f i c  c o n n e c t io n .  In  o r d e r  t o  e f f i c i e n t l y  s e t  
u p  a  c o n n e c t i o n ,  th e  m e t a - s i g n a l l i n g  p r o t o c o l  s p e c i f i e d  in  A T M  w a s  m o d i f i e d  in t o  r e s e r v a t i o n  
m e t a - s i g n a l l i n g  f o r  a n  A T M - s a t e l l i t e  s y s t e m .  A s  th e  u s e r  m o b i l i t y  a n d  a i r  i n t e r f a c e  d e s i g n  a r e  
im p o r t a n t  in  a n  i n t e g r a t e d  s y s t e m ,  w e  t h u s  s t u d i e d  t h e  c a l l - h a n d l i n g  i s s u e s  in  A T M - s a t e l l i t e ,  
w h ic h  in c lu d e d  a u t h e n t ic a t io n ,  l o c a t i o n  u p d a t e ,  p a g i n g ,  h a n d o v e r  r o u t in g ,  i n c o m in g  d e l i v e r y  
o u t g o i n g  c a l l  r o u t in g .  T h i s  e n a b l e d  u s  to  o u t l i n e  th e  c a l l  s e t - u p  p r o c e d u r e s  f o r  b o th  m o b i l e  
o r i g i n a t e d  a n d  m o b i l e  t e r m in a t e d  c a l l s .
1.5 Original W o r k  &  M a j o r  A c h i e v e m e n t s
T h i s  t h e s i s  d e m o n s t r a t e s  th e  f o l l o w i n g  o r i g i n a l  w o r k  a n d  m a jo r  a c h i e v e m e n t s ;
•  P r o p o s a l  o f  a  n e w  a n d  f u l l y  i n t e g r a t e d  A T M - s a t e l l i t e  s i g n a l l i n g  p r o t o c o l  a r c h i t e c t u r e  th a t  
p r o v i d e s  m o b i l i t y  f o r  A T M  u s e r s .
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® V a l i d a t i o n  o f  th e  a p p l i c a t i o n  o f  d e m a n d  a s s i g n m e n t  M A C  s c h e m e  in to  s i g n a l l i n g  t r a f f i c
a n d  p r o p o s a l  o f  a  s e m i - p e r m a n e n t  s i g n a l l i n g  p r o t o c o l .  P r o p o s a l  o f  a  s e r v i c e - a d a p t i v e  
M A C  p r o t o c o l .
•  P r o p o s a l  o f  a  s e r v i c e - a d a p t i v e  A R Q  p r o t o c o l .  P r o p o s a l  o f  a  r e l i a b i l i t y - d e p e n d e n t  S R  
A R Q  p r o t o c o l  to  s u p p o r t  a  v a r i e t y  o f  t r a f f i c  t y p e s  w ith  d i f f e r e n t  Q o S  o b je c t i v e ,  
e s p e c i a l l y  t h o s e  d e l a y - c o n s t r a in e d  s e r v i c e s .
•  S t u d y  f o r  th e  f i r s t  t im e  th e  im p a c t  o f  d i s t a n c e  c h a n g i n g  e n d - t o - e n d  c o n n e c t i o n s  o n  
p e r f o r m a n c e  o f  th e  S e l e c t i v e  R e p e a t  ( S R )  A R Q  p r o t o c o l ,  w ith  p a r t i c u l a r  r e f e r e n c e  t o  th e  
c o n n e c t i o n  r o u t e d  v i a  I S L  o f  a  L E O / M E O  s a t e l l i t e  c o n s t e l l a t i o n .
•  P r o p o s a l  o f  a n  A d a p t i v e  T i m e r  S R  A R Q  ( A T S R  A R Q )  p r o t o c o l  to  b e  u s e d  o n  a  d i s t a n c e -  
c h a n g i n g  c o n n e c t io n  f o r  im p r o v e d  t h r o u g h p u t  p e r f o r m a n c e .
•  P r o p o s a l  o f  a  Q o S - p r o v i s i o n i n g  r a d i o  c o n n e c t i o n  m a n a g e m e n t  s c h e m e  f o r  A T M  v i a  
s a t e l l i t e ,  t a k i n g  in t o  a c c o u n t s  th e  i n f l u e n c e  o f  a l l  f o u r  f a c t o r s :  th e  f a d i n g  c h a n n e l ,  M A C  
p r o t o c o l ,  A R Q  p r o t o c o l  a n d  r e s o u r c e  a l l o c a t i o n .
•  P r o p o s a l  a n d  v e r i f i c a t i o n  o f  a  R e s e r v a t i o n  M e t a - s i g n a l l i n g  ( R M S )  f o r  s e t t i n g  u p  
s i g n a l l i n g  c o n n e c t i o n s  a t  th e  a i r  i n t e r f a c e  in  a n  A T M - s a t e l l i t e  s y s t e m .
D u r i n g  t h i s  P h D  w o r k ,  t h e  a u t h o r  h a s  c o n t r ib u t e d  to  t w o  E u r o p e a n  A d v a n c e d  
C o m m u n i c a t i o n s  T e c h n o l o g i e s  a n d  S e r v i c e s  ( A C T S )  p r o je c t s ,  S a t e l l i t e  E H F  c o m m u n i c a t i o n s  
f o r  m u l t i m e d i a - m o b i l e  s e r v i c e s  ( S E C O M S )  a n d  A C T S  S a t e l l i t e  S w i t c h i n g  E n d - t o - e n d  T r i a l s  
( A S S E T ) .
S E C O M S  ( 1 0 / 9 6 - 1 2 / 9 7 )  a i m e d  t o  d e f i n e  th e  s y s t e m  a r c h i t e c t u r e  a n d  e l e m e n t s  a n d  d e v e l o p  
r e l a t e d  t e c h n o l o g i e s  f o r  th e  f u t u r e  a d v a n c e d  m o b i l e  m u l t i m e d i a  s a t e l l i t e  s e r v i c e s  o p e r a t i n g  in  
K a -  ( 2 0 - 3 0  G H z )  a n d  E H F -  ( 4 0 - 5 0  G H z )  b a n d s .  T h e  o r ig in a l  w o r k  in p u t  to  th e  S E C O M S  
p r o j e c t  i n c l u d e s  m o d e l l i n g  a n d  p e r f o r m a n c e  a n a l y s i s  o f  m u l t ip le  a c c e s s  a n d  c a l l  c o n t r o l  
s i g n a l l i n g .
A S S E T  ( 0 3 / 9 8  -  1 2 / 9 9 )  w a s  a  f o l l o w - u p  t o  th e  p r e v i o u s  S E C O M S  p r o je c t  a n d  i t s  d e r i v e d  
c o m m e r c i a l  i n i t i a t iv e ,  E u r o S k y W a y .  I t  p r o p o s e d  th e  im p le m e n t a t io n  o f  a  c o n s t e l l a t i o n  o f  
G E O  s a t e l l i t e s  w ith  th e  c a p a b i l i t y  o f  m u l t i - p r o t o c o l  in t e r w o r k in g  t o  p r o v i d e  b r o a d b a n d  
m u l t i m e d i a  s e r v i c e s  t o  l o w - c o s t  f i x e d ,  p o r t a b l e  a n d  m o b i l e  t e r m i n a l s .  T h e  o r i g i n a l  w o r k  
c o n t r ib u t e d  t o  t h i s  p r o je c t  i n c l u d e s  c o n n e c t i o n  m a n a g e m e n t  s c h e m e  d e s i g n ,  e v a l u a t i o n  a n d  
c o n s o l i d a t i o n .
Introduction
P a r t  o f  th e  w o r k  p r e s e n t e d  in  t h i s  t h e s i s  h a s  b e e n  in p u t  in to  th e  a b o v e  t w o  p r o je c t s .  T h e s e  
w o r k s  c a n  b e  f o u n d  in  th e  p r o je c t  t e c h n ic a l  r e p o r t s .
A  l i s t  o f  p u b l i c a t i o n s  a n d  t e c h n ic a l  r e p o r t s  r e l a t e d  t o  t h i s  P h D  w o r k  a n d  th e  w o r k  d o n e  f o r  
S E C O M S  a n d  A S S E T  p r o je c t s  a r e  g i v e n  in  th e  l a s t  s e c t i o n  o f  t h i s  t h e s i s .
1.6 Thesis Structure
T h e  s t r u c t u r e  o f  t h i s  t h e s i s  i s  i l lu s t r a t e d  in  F i g u r e  1 -2 .
C hapter 1 
Introduction
C hapter 2 - Introduction to 
Satellite system  A TM
C hapter 3 -  Intiigration issu es 
r
C hapter 4  -  Integrated A TM -satellite  sign allin g  protocol architecture
C hapter 5 -  M A C  optim isation C hapter 6  -  A R Q  optim isation
Chapter 7 -  Q oS-provision in g  connection m anagem ent
C hapter 8 -  A T M -satellite  call handling schem e
Chapter 9 
Conclusion & 
Future Work
F i g u r e  1 -2  T h e s i s  s t r u c t u r e s .
C h a p t e r  2  p r o v i d e s  a n  in t r o d u c t io n  t o  th e  c h a r a c t e r i s t i c s  o f  m o b i l e  s a t e l l i t e  s y s t e m s  a n d  A T M  
t e c h n o l o g y .  W e  f o c u s  m a in ly  o n  th e  f e a t u r e s  o f  s p e c i f i c  im p o r t a n c e  a n d  r e l e v a n c e  to  th e  w o r k  
p r e s e n t e d  in  t h i s  t h e s i s .  C h a p t e r  3  p r e s e n t s  th e  m a jo r  c h a l l e n g e s  p o s e d  b y  a  s e a m l e s s  
in t e g r a t io n  o f  m o b i l e  s a t e l l i t e  a n d  A T M  a n d  a n a l y s e s  th e  i m p a c t s  o n  Q o S  a n d  A T M  
p e r f o r m a n c e .  I n t e g r a t io n  r e q u i r e m e n t s  a n d  k e y  in t e g r a t io n  t a s k s  o f  th e  s i g n a l l i n g  p r o t o c o l s  
a r e  a d d r e s s e d .  B a s e d  o n  th e  d i s c u s s i o n  p r e s e n t e d  in  c h a p t e r s  2  a n d  3 ,  w e  in t r o d u c e  a  f l e x i b l e  
a n d  f u l l y  in t e g r a t e d  s i g n a l l i n g  p r o t o c o l  a r c h i t e c t u r e  f o r  th e  m o b i le  A T M - s a t e l l i t e  in  c h a p t e r  4 .  
In o r d e r  t o  m e e t  th e  Q o S  r e q u i r e m e n t s  s p e c i f i e d  in  th e  A T M  la y e r ,  th e  o p t i m i s a t i o n  o f  th e  
M A C  p r o t o c o l  i s  p r e s e n t e d  in  c h a p t e r  5  a n d  A R Q  p r o t o c o l  in  c h a p t e r  6  r e s p e c t i v e l y  to  m a k e  
t h e m  m o r e  a d a p t i v e  t o  d i f f e r e n t  s e r v i c e  t y p e s  s u p p o r t e d  b y  A T M .  U t i l i s i n g  th e  o p t i m i s e d
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M A C  a n d  A R Q  p r o t o c o l ,  w e  f u r t h e r  p r o p o s e ,  in  c h a p t e r  7 ,  a  Q o S - p r o v i s i o n i n g  c o n n e c t io n  
m a n a g e m e n t  s c h e m e  in  o r d e r  to  m a p  th e  in d i v i d u a l  A T M  s e r v i c e s  o n t o  a  s u i t a b l e  c o n n e c t io n  
th a t  c a n  p r o v i d e  th e  r e q u i r e d  Q o S  w ith  a  m in im a l  c h a n n e l  b a n d w id t h .  F i n a l l y ,  w e  p r e s e n t  a  
c a l l  c o n t r o l  s i g n a l l i n g  s c h e m e  in  c h a p t e r  8  f o c u s i n g  o n  c a l l  r o u t i n g  t e c h n i q u e s  a n d  c a l l  
e s t a b l i s h m e n t s  f o r  b o t h  t r a f f i c  c o n n e c t i o n s  a n d  s i g n a l l i n g  c o n n e c t i o n s .  C h a p t e r  9  g i v e s  a n  
o v e r v i e w  o f  th e  w o r k  p r e s e n t e d  in  th e  t h e s i s ,  h i g h l i g h t s  th e  m a j o r  c o n c l u s i o n s  a n d  p o s s i b l e  
f u t u r e  w o r k .
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Chapter 2 Mobile Satellite System Characteristics 
and ATM Overview
Th e  mobile satellite system characteristics a n d  a n  overview of A T M  technology are presented in this 
chapter. W e  focus mainly o n  those features that are of specific importance a n d  direct relevance to the 
w o r k  presented in this thesis covering constellation, channel model, A T M  Q.2931, A T M  service types and. 
Q o S  requirements. Th e  ai m  of this chapter is to introduce the backg r o u n d  a n d  environment in which this 
research w a s  carried out.
2.1 M o b i l e  Satellite S y s t e m  Characteristics
2.1.1 Satellite Constellation
2 .1 . 1 .1  T y p e s  o f  C o n s t e l la t i o n s
T h e r e  a r e  t h r e e  t y p e s  o f  s a t e l l i t e  c o n s t e l l a t i o n s  u s i n g  d i f f e r e n t  o r b i t s ,  G E O ,  M E O  a n d  L E O .  E a c h  o r b i t  
m a y  b e  a p p l i c a b l e  t o  a  s p e c i f i c  a p p l i c a t i o n .  A l t i t u d e s  o f  th e  o r b i t s  in  G E O ,  M E O  a n d  L E O  
c o n s t e l l a t i o n s  a r e  c h o s e n  b y  t a k i n g  in t o  a c c o u n t  th e  r a d i a t i o n  b e l t s  a r o u n d  t h e  e a r t h .  S u c h  r a d i a t i o n  
c a n  d a m a g e  s o l a r  p a n e l s  a n d  e l e c t r o n i c s  o n  b o a r d  th e  s a t e l l i t e s  a n d  r e d u c e  th e  p o w e r  g e n e r a t i n g  
c a p a c i t y  o f  th e  s o l a r  a r r a y s  [ M A R 9 7 ] .
G E O  s a t e l l i t e s  p l a c e d  a t  3 5 , 7 8 6  k m  a b o v e  th e  e a r t h  r e m a i n s  q u a s i - s t a t i o n a r y  r e l a t i v e  t o  a  f i x e d  s p o t  o n  
th e  e a r t h .  A  c o n s t a n t  c o v e r a g e  a r e a  c a n  t h e r e f o r e  b e  p r o v i d e d  b y  G E O  s a t e l l i t e s  a c r o s s  th e  v i s i b l e  
p o r t io n  o f  th e  e a r t h .  T h i s  w a s  th e  o r i g i n a l  c o n s i d e r a t i o n  b e h in d  t h e  e s t a b l i s h m e n t  o f  f i r s t - g e n e r a t i o n  
s a t e l l i t e  c o m m u n i c a t i o n s  u s i n g  G E O .  H o w e v e r ,  d u e  t o  l o n g  p r o p a g a t i o n  d e l a y s  a s s o c i a t e d  w ith  G E O  
( a r o u n d  2 5 0 m s  f r o m  t r a n s m i t t e r  t o  r e c e iv e r ) ,  L E O / M E O  h a v e  r e c e n t ly  a t t r a c t e d  m u c h  in t e r e s t  f o r  t h e i r  
a d v a n t a g e  o f  lo w - d e l a y  t r a n s m i s s i o n  t o  s u p p o r t  i m p r o v e d  r e a l - t im e  s e r v i c e s .
L E O  r e f e r s  t o  th e  o r b i t  b e t w e e n  5 0 0 k m  a n d  1 ,5 0 0 k m  a n d  M E O  b e t w e e n  1 0 ,0 0 0 k m  a n d  1 2 ,0 0 0 k m .  
T h e s e  t y p e s  o f  o r b i t s  r e d u c e  t h e  p r o p a g a t i o n  d e l a y  a s  c o m p a r e d  to  G E O .  B u t  L E O  a n d  M E O  s a t e l l i t e s  
d o  n o t  a p p e a r  s t a t i o n a r y  t o  e a r t h  s t a t i o n s  a s  t h e i r  o r b i t a l  p e r i o d s  a r e  l e s s  th a n  2 4 h r s  e . g .  L E O  a r o u n d  
1 2 0 m i n s  a n d  M E O  a r o u n d  l - 2 h r s .  T h e  n a t u r e  o f  t h e s e  s a t e l l i t e  d y n a m ic s  i s  th e  m a j o r  d i s a d v a n t a g e  o f  
L E O / M E O  c o m p a r e d  t o  G E O .  T h e  L E O / M E O  c o n s t e l l a t i o n s  c o m p l i c a t e  g r o u n d  s t a t i o n  t r a c k i n g  a n d  
o p e r a t i o n  a s  th e  s a t e l l i t e s  a r e  d y n a m ic .
A c c o r d i n g  t o  t h e  o r b i t a l  i n c l i n a t i o n ,  a  M E O  o r  L E O  c o n s t e l l a t i o n  c a n  b e  e i t h e r  P o l a r  C o n s t e l l a t i o n  
( P C )  o r  I n c l in e d  C i r c u l a r  C o n s t e l l a t i o n  ( I C C ) .  P o l a r  c o n s t e l l a t i o n s  c o n s i s t  o f  a  n u m b e r  o f  o r b i t s  th a t  
h a v e  a  c o m m o n  in t e r s e c t io n  a t  th e  p o l a r  a x i s  w ith  a n  in c l in a t io n  a n g l e  a r o u n d  9 0 ° .  I C C  h a s  a n  
i n c l i n a t i o n  a n g l e  o f  b e t w e e n  9 0 °  a n d  0 ° .
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2 .1 . 1 . 2  C o n s t e l l a t i o n  D e s ig n  
Satellite Position
In  o r d e r  to  d e s c r i b e  th e  s a t e l l i t e  o r b i t  p o s i t i o n s  a n d  th e  c o n f i g u r a t i o n s  o f  t h e  s a t e l l i t e  c o n s t e l l a t i o n s  in  
th e  s p a c e ,  o r b i t a l  p a r a m e t e r s  a r e  c o m m o n l y  u s e d  [ E V A 9 9 ] [ R I C 9 5 ] .  T h e s e  p a r a m e t e r s  a r e  g i v e n  in  
T a b l e  2 - 1 .  T h e i r  d e f i n i t i o n s  a r e  e x p l a i n e d  in  t h e  F i g u r e  2 - 1 ,  F i g u r e  2 - 2 ,  F i g u r e  2 - 3  a n d  F i g u r e  2 - 4 .
Parameters Denotations
Semi-major axis a
Semi-minor axis b
Eccentricity
e = j a 2 - b 2 1 2
Inclination angle: the angle between the plane of the orbit 
a n d  the equatorial plane m e a s u r e d  at the ascending no d e  in 
a  northward direction.
i
Right Angle of Ascending Node: the angle between the 
direction of the Vernal E q u i n o x  (X-axis in Figure 2-2) a n d  
the ascending node.
Q.
Argument of perigee: the angle in the orbital plane between 
the line of the nodes a n d  the perigee of the orbits.
0)
True anomaly 0
Elevation angle a
Azimuth A
Range d
Radius of the earth R
Orbit period T
Total number of satellites in the constellation N
Number of orbital planes P
Number of satellites per plane Q
Satellites Altitude h
T a b l e  2 -1  C o m m o n l y  u s e d  c o n s t e l l a t i o n  p a r a m e t e r s .
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F i g u r e  2 -1  M a j o r  e l l i p t i c a l  o r b i t a l  p a r a m e t e r s .
F i g u r e  2 - 2  O r b i t a l  p a r a m e t e r s  in  a  g e o c e n t r i c - e q u a t i o n a l  c o o r d i n a t e  s y s t e m .
P a r a m e t e r s  s u c h  a s  s a t e l l i t e  o r b i t a l  p e r i o d ,  v e l o c i t y  a n d  p o s i t io n  a r e  o f  p a r t i c u l a r  i m p o r t a n c e .  T h e  
s a t e l l i t e  o r b i t a l  p e r i o d  f o r  a  s a t e l l i t e  in  a  c i r c u l a r  o r b i t  i s  g i v e n  b y
T = M tv (R + h f
M
(2-1)
a n d  th e  s a t e l l i t e  v e l o c i t y  V i s  g i v e n  b y
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w h e r e  th e  j i  i s  th e  g r a v i t a t i o n a l  p a r a m e t e r .  I t  i s  a l s o  im p o r t a n t  t o  d e t e r m in e  th e  l o o k  a n g l e  o f  a  s a t e l l i t e  
f r o m  a  f i x e d  e a r t h  s t a t i o n  o r  a  m o b i l e  t e r m in a l .  T h e  s a t e l l i t e  p o s i t io n ,  r e l a t i v e  t o  th e  o b s e r v a t i o n  p o in t ,  
i s  c o m m o n l y  s p e c i f i e d  b y  t w o  p a r a m e t e r s ,  th e  s a t e l l i t e  a z im u t h  a n d  e l e v a t i o n  a n g l e  [ W I N 9 8 ] .  T h e  
m e a n i n g s  o f  t h e s e  t w o  p a r a m e t e r s  a r e  s h o w n  in  F i g u r e  2 - 3  a n d  F i g u r e  2 - 4 .
F i g u r e  2 - 3  S a t e l l i t e  l o o k  a n g l e  ( a )  E l e v a t i o n .
F i g u r e  2 - 4  S a t e l l i t e  l o o k  a n g l e  ( b )  A z im u t h .
T h e  e l e v a t i o n  a n g l e  i s  th e  a n g l e  th a t  a  s a t e l l i t e  m a k e s  w ith  th e  t a n g e n t  a t  t h e  s p e c i f i e d  p o i n t s  o n  t h e  
e a r t h .  T h e  s a t e l l i t e  e l e v a t i o n  a n g l e  i s  g i v e n  a s  [ R I C 9 5 ] ,
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<7 = arctan^cos (y ) - 5^
,  sinW , (2-3)
w h e r e  5 = ---------- , \ |/  i s  th e  c o v e r a g e  a n g l e .
R + h
T h e  a z im u t h  o f  a  s a t e l l i t e  f r o m  a  g i v e n  p o in t  i s  th e  a n g l e  th a t  th e  s a t e l l i t e  d i r e c t i o n  m a k e s  w ith  th e
w h e r e  0e a n d  (j)e a r e  th e  l a t i t u d e  a n d  lo n g i t u d e  o f  th e  o b s e r v a t i o n  p o in t ,  r e s p e c t i v e l y .  <px i s  th e  
lo n g i t u d e  o f  th e  s u b - s a t e l l i t e  p o in t .
T h e  l in e  o f  s i g h t  d i s t a n c e  b e t w e e n  th e  o b s e r v a t i o n  p o in t  a n d  th e  s a t e l l i t e  i s  c a l l e d  th e  R a n g e  d o f  a  
s a t e l l i t e ,  e x p r e s s e d  a s
Satellite Constellation Design
R e c e n t  c o n s t e l l a t i o n  d e s i g n  f o c u s e s  o n  d e s i g n i n g  l a r g e  L E O / M E O  c o n s t e l l a t i o n s  t o  a c h i e v e  a  g l o b a l  
c o v e r a g e  f o r  r e a l - t i m e  p e r s o n a l  c o m m u n i c a t i o n s .  S u c h  a  c o n s t e l l a t i o n  h a s  a d v a n t a g e s  o f  a  lo w  
p r o p a g a t i o n  d e l a y  a n d  a  s m a l l  s i z e  t e r m in a l  a s  a  r e s u l t  o f  r e d u c e d  r e q u i r e m e n t  o n  g a i n  a n d  p o w e r  o f  
th e  t e r m in a l .  T h e s e  a d v a n t a g e s  m a k e  th e  i d e a  o f  p r o v i s i o n  o f  r e a l - t im e  s e r v i c e s  w ith  h a n d h e ld  
t e l e p h o n e s  m o r e  s t r a i g h t f o r w a r d .
T h e  o b j e c t i v e  o f  th e  c o n s t e l l a t i o n  d e s i g n  i s  t o  o p t i m i s e  th e  o r b i t a l  g e o m e t r y  s o  a s  t o  p r o v i d e  th e  
r e q u i r e d  e a r t h  c o v e r a g e  w h i l e  m i n i m i s i n g  t h e  n u m b e r  o f  s a t e l l i t e s .  In  d e s i g n i n g  th e  c o n s t e l l a t i o n  f o r  a  
P e r s o n a l  C o m m u n i c a t i o n s  N e t w o r k  ( P C N ) ;  s e r v i c e  a r e a s ,  t y p e s  o f  c o m m u n i c a t i o n  s e r v i c e s  a n d  t h e  
Q o S  t o  b e  p r o v i d e d  p l u s  n e t w o r k  i s s u e s  h a v e  to  b e  t a k e n  in t o  c o n s i d e r a t i o n .  T w o  c o m m o n l y  u s e d  
c o n s t e l l a t i o n  m e t h o d s  [ N A R 9 8 ]  a r e  b r i e f l y  d e s c r i b e d  b e l o w .
Street of Coverage Method
T h e  s t r e e t  o f  c o v e r a g e  m e t h o d  i s  u s e d  t o  o p t i m i s e  c o n s t e l l a t i o n s  th a t  h a v e  e q u a l l y  i n c l in e d  o r b i t s  w ith  
a n  e q u a l  d i s t a n c e  b e t w e e n  in t r a - p la n e  s a t e l l i t e s ,  a n d  p l a c e  a n  e q u a l  n u m b e r  o f  s a t e l l i t e s  in to  e a c h  o r b i t .  
E a c h  s a t e l l i t e  m o v e s  a r o u n d  th e  e a r th  a n d  t h e i r  t r a c k  o n  th e  e a r th  f o r m s  a  “ c o v e r a g e  s t r i p ” . W h e n  a l l
d i r e c t i o n  o f  t r u e  n o r th  m e a s u r e d  in  th e  c l o c k w i s e  d i r e c t i o n .  T h e  a z im u t h  c a n  b e  o b t a i n e d  a s
A =  a r c t a n ( 2 - 4 )
d =*Jr 2 + (r + h f ) -  2  R(R +  h) c o  sty) ( 2 - 5 )
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th e  s a t e l l i t e s  a r e  d e s i g n e d  to  m o v e  a r o u n d  th e  e a r t h  t o w a r d s  th e  s a m e  d i r e c t i o n  a n d  t h e i r  p l a n e  
s e p a r a t i o n  i s  s m a l l  e n o u g h ,  a  g l o b a l  c o v e r a g e  c a n  b e  f o r m e d  b y  th e  t r a c k s  m a d e  b y  a l l  t h e s e  in d iv id u a l  
s a t e l l i t e s  o r b i t s .  T h e  c o n c e p t  o f  th e  “ s t r e e t  o f  c o v e r a g e ”  m e t h o d  i s  s h o w n  in  F i g u r e  2 - 5 .  U s i n g  t h i s  
m e t h o d ,  B e s t e  o p t i m i s e d  s i n g l e  v i s i b i l i t y  c o v e r a g e  f o r  th e  w h o le  e a r th  a s  w e l l  a s  f o r  r e g io n s  e x t e n d i n g  
f r o m  th e  p o l e s  t o  a n y  a r b i t r a r i ly  c h o s e n  a l t i t u d e  [ B E S 7 8 ] .  T h e  n u m b e r  o f  s a t e l l i t e s  v e r s u s  o r b i t a l  
a l t i t u d e  f o r  w h o l e  e a r t h  c o v e r a g e  u s i n g  B e s t e ’ s  a p p r o x i m a t i o n  e q u a t i o n  i s  s h o w n  in  F i g u r e  2 - 6 .
F i g u r e  2 - 5  S t r e e t  o f  c o v e r a g e  m e t h o d .
Angular Covrcnge (degrees)
F i g u r e  2 - 6  N u m b e r  o f  s a t e l l i t e s  N  v e r s u s  a n g u l a r  c o v e r a g e  \}/ f o r  a  g l o b a l  c o v e r a g e  [ B E S 7 8 ] .  
Spherical Triangle Method
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T h e  s p h e r i c a l  t r i a n g l e  m e t h o d  d i v i d e s  th e  e a r t h ’ s  s u r f a c e  in to  a  n u m b e r  o f  s p h e r i c a l  t r i a n g l e s  
[ W A L 7 3 ] [ B A L 8 0 ] .  T h e  t r i a n g l e s  a r e  f o r m e d  b y  l in k in g  th e  s u b - s a t e l l i t e  p o i n t s  o f  a  p l a n e  t o  i t s  t w o  
a d j a c e n t  s u b  s a t e l l i t e s  p o i n t s  o f  th e  n e i g h b o u r i n g  p l a n e s ,  s h o w n  in  F i g u r e  2 - 7 .  T h e  c e n t r e  p o in t  o f  s u c h  
a  t r i a n g l e  i s  R ijk. T h e  m e t h o d  f i r s t  s e a r c h e s  f o r  th e  m a x i m u m  R ijk, R ijk( m a x ) ,  in  a l l  th e  s p h e r i c a l  
t r i a n g l e s  o v e r  a n  o r b i t a l  p e r i o d  o f  t im e .  T h e n  it  s e a r c h e s  a l l  th e  R iik( m a x )  v a l u e s  f o r  a l l  d i f f e r e n t  
i n c l i n a t i o n s  a n d  in i t i a l  p h a s e  a n g l e s .  T h e  c o n s t e l l a t i o n  g i v i n g  th e  s m a l l e s t  R y k( m a x )  w o u ld  b e  th e  
o p t i m i s e d  c o n s t e l l a t i o n .  F o r  a  d o u b l e  c o v e r a g e ,  t h e  o p t i m i s a t i o n  s h o u ld  b e  p e r f o r m e d  p r o v i d e d  th a t  
a n o t h e r  s u b - s a t e l l i t e  p o in t  i s  e n c l o s e d  in  e a c h  s p h e r i c a l  t r i a n g le .  T h e  f u r t h e r  d e t a i l s  c a n  b e  f o u n d  in  th e  
r e f e r e n c e s  m e n t io n e d  a b o v e .
F i g u r e  2 - 7  S p h e r i c a l  t r i a n g l e  m e t h o d .
T h e  c h o i c e  o f  d i f f e r e n t  t y p e s  o f  c o n s t e l l a t i o n s  w i l l  d e p e n d  o n  th e  d e s i r e d  s e r v i c e  a r e a  a n d  s p e c i f i c  
a p p l i c a t i o n s  s u c h  a s  r e g io n a l ,  g l o b a l ,  r e a l  t im e  a n d  e t c .
2 . 1 . 1 .3  C u r r e n t  S a t e l l i t e  C o n s t e l la t i o n s
In  th e  r a c e  t o  b r i n g  th e  f i r s t  s u c c e s s f u l  g l o b a l  s a t e l l i t e  s y s t e m  a n d  o f f e r  s e r v i c e s  to  l a r g e  r e m o t e  a r e a s  
o n  t h e  e a r t h ,  m a n y  s a t e l l i t e  s y s t e m s  h a v e  b e e n  e i t h e r  d e v e l o p e d  o r  a r e  u n d e r  d e v e l o p m e n t .  T h e  m a jo r  
s y s t e m s  i n c l u d e  I r id iu m ,  G l o b a l S t a r ,  I C O  a n d  T e l e d e s i c .  A l l  t h e s e  s y s t e m s  a r e  in t e n d e d  t o  o f f e r  a  
v a r i e t y  o f  s e r v i c e s  c o v e r i n g  v o i c e ,  d a t a ,  p a g i n g  a n d  f a x  w ith  T e l e d e s i c  e x t e n d i n g  s e r v i c e s  t o  
b r o a d b a n d .  T h e  m a j o r  s y s t e m  d e s i g n  p a r a m e t e r s  i n c l u d i n g  th e  c o n s t e l l a t i o n  p a r a m e t e r s  a r e  g i v e n  in  
A p p e n d i x  A .
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2.1.2 Satellite Multi-beam Coverage
In  o r d e r  t o  i n c r e a s e  c a p a c i t y  w ith  a  f i x e d  a l l o c a t i o n  o f  r a d i o  s p e c t r u m  a d d i t i o n a l  f r e q u e n c y  r e u s e  i s  
n e e d e d  a n d  t h u s  in  tu r n  m e a n s  i n c r e a s e d  s a t e l l i t e  a n t e n n a  g a i n  a n d  n u m b e r  o f  s p o t  b e a m s .  T h e  t y p i c a l  
s a t e l l i t e  s p o t b e a m  p a t t e r n  f o r  I r id iu m  i s  s h o w n  in  F i g u r e  2 - 8  [ W I N 9 8 ] .
F i g u r e  2 - 8  A  t y p i c a l  m u l t i - b e a m  s a t e l l i t e ’ s  s p o t b e a m  p a t t e r n .
T h e  d e p l o y m e n t  o f  m u l t i - b e a m  a n t e n n a s ,  h o w e v e r ,  h a s  i t s  d i s a d v a n t a g e s .  I t  i m p o s e s  th e  r e q u i r e m e n t  
o f  h a n d o v e r s  b e t w e e n  th e  s p o t b e a m s ,  a n d  th e  f r e q u e n c y  o f  r e q u i r e d  h a n d o v e r  c o u l d  b e  v e r y  h ig h  in  a  
L E O  c o n s t e l l a t i o n .  F o r  e x a m p l e ,  I r id iu m  h a s  4 8  s p o t b e a m s  a n d  e a c h  f o o t p r in t  c o v e r s  a n  a r e a  w ith  
4 6 0 0 k m  in  d i a m e t e r .  B e c a u s e  th e  a n t e n n a  s p o t b e a m s  m o v e  a t  a  s p e e d  o f  6 .6 k m / s  r e l a t i v e  t o  th e  e a r t h ,  
t h e  h a n d o v e r s  o c c u r  o n c e  e v e r y  1 .5  m in u t e s  o r  s o .  T h e  h ig h  f r e q u e n c y  o f  h a n d o v e r s  c o m p l i c a t e s  th e  
s y s t e m s  d e s i g n  a n d  a f f e c t s  th e  Q o S .
2.1.3 Intersatellite Links
N e w  a d v a n c e d  s a t e l l i t e  s y s t e m s  s u c h  a s  I r id iu m  a n d  T e l e d e s i c  e m p l o y  i n t e r s a t e l l i t e  l i n k s  t o  f o r m  th e  
c o n n e c t i v i t y  o f  th e  L E O / I C O - s a t e l l i t e  n e t w o r k .  I n t e r s a t e l l i t e  l in k s  b r i n g  a  m a j o r  b e n e f i t  to  t r a n s p o r t  
th e  l o n g - d i s t a n c e  t r a f f i c  o v e r  r e l i a b l e  a n d  h ig h  c a p a c i t y  s p a c e  c o n n e c t i o n s  [ W E R 9 7 C ] .  T h i s  r e d u c e s  
th e  r e l i a n c e  o n  t e r r e s t r i a l  c o n n e c t i o n s  a n d  c a n  d e c r e a s e  th e  c o m m u n ic a t io n  d e l a y s .  T h e  p r e s e n c e  o f  
I S L s  a l s o  in t r o d u c e s  f l e x i b i l i t y  in  r o u t in g  a n d  a v o i d s  t h e  n e e d  f o r  v i s i b i l i t y  o f  b o th  u s e r  a n d  g a t e w a y  
b y  e a c h  s a t e l l i t e  in  th e  c o n s t e l l a t i o n  [ W E R 9 7 C ] .
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Orbit 2
Figure 2-9 Ir id iu m ’ s inter-p lane and intra-plane ISL.
I n t e r s a t e l l i t e  l i n k s  a r e  th e  d i r e c t  c o n n e c t i o n s  b e t w e e n  s a t e l l i t e s  in  a  c o n s t e l l a t i o n .  T h e r e  a r e  t w o  t y p e s  
o f  i n t e r s a t e l l i t e  l in k s ,  in t r a p la n e  I S L s  c o n n e c t i n g  s u c c e s s i v e  s a t e l l i t e s  w ith in  th e  s a m e  o r b i t  p l a n e  a n d  
in t e r p la n e  I S L s  c o n n e c t i n g  s a t e l l i t e s  in  a d ja c e n t  c o - r o t a t i n g  o r b i t  p l a n e s  [ W 0 0 9 5 ] .  I n t e r p la n e  I S L s  
g e n e r a l l y  r e q u i r e  a n t e n n a  s t e e r in g  w h e r e a s  in t r a p la n e  I S L s  c a n  b e  m a in t a in e d  w ith  f i x e d  a n t e n n a s .  T h e  
le n g t h  o f  in t r a p la n e  I S L s  i s  c o n s t a n t ,  w h i l s t  th a t  o f  in t e r p la n e  I S L ’ s  v a r i e s  w ith  t im e  a n d  r e a c h e s  i t s  
m a x i m u m  a t  th e  e q u a t o r .  I n t r a p la n e  I S L s  c a n  b e  p e r m a n e n t ly  m a in t a in e d  w h i l s t  i n t e r p la n e  I S L s  h a v e  
to  b e  d e a c t i v a t e d  in  P o l a r  r e g io n s .  T h i s  i s  b e c a u s e  t h e  l i n e - o f - s i g h t  o f  in t e r p la n e  I S L s  c o u l d  b e  
in t e r r u p t e d  b y  th e  e a r t h .
A s  a n  e x a m p l e  s h o w n  in  F i g u r e  2 - 9 ,  th e  I r id iu m  c o n s t e l l a t i o n  u s e d  p o l a r  o r b i t s  w ith  11 s a t e l l i t e s  in  
e a c h  o r b i t .  I r i d i u m  p r o v i d e d  t w o  in t r a - p la n e  c o n n e c t i o n s  t o  s a t e l l i t e s  f o r w a r d  a n d  b a c k w a r d  a n d  t w o  
in t e r - p la n e  c o n n e c t i o n s  to  s a t e l l i t e s  in  e a c h  n e i g h b o u r i n g  p la n e .  B e c a u s e  th e  I r i d i u m  L E O  s a t e l l i t e s  
c i r c u l a t e  th e  e a r t h  a t  a  c o n s t a n t  s p e e d ,  th e  c o v e r a g e  a r e a  o f  a  L E O  s a t e l l i t e  c h a n g e s  c o n t i n u o u s l y .  T h e  
v i s i b i l i t y  p e r i o d  o f  a  s a t e l l i t e ,  T v, d e f i n e d  a s  th e  m a x i m u m  t im e  d u r a t io n  th a t  a  t e r m in a l  r e s i d i n g  in  th e  
c o v e r a g e  r e g io n  o f  a  s a t e l l i t e  c a n  d i r e c t l y  c o m m u n i c a t e  w ith  th a t  s a t e l l i t e ,  i s  t y p i c a l  a r o u n d  1 0  m in u t e s  
[ U Z U 9 7 A ] .  I S L s  a r e  c o n s e q u e n t l y  s w i t c h e d  o n  a n d  o f f  d u r i n g  o p e r a t io n .  D u e  t o  r e l a t i v e  v e l o c i t i e s  a n d  
D o p p l e r  s h i f t ,  t h e r e  a r e  o n ly  t h r e e  l i n e s  o f  in t e r p la n e  I S L s  n e a r  to  th e  e q u a t o r  a s  s h o w n  in  F i g u r e  2 - 1 0  
[ W 0 0 9 5 ] .
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F i g u r e  2 - 1 0  I r i d i u m ’ s  I S L  c o n f i g u r a t i o n .  ( N :  N o r t h ;  S :  S o u t h )
In  th e  s y s t e m s  th a t  e m p l o y  i n t e r s a t e l l i t e  l i n k s ,  e n d - t o - e n d  c o n n e c t i o n s  a r e  e x p e c t e d  t o  b e  s e t  u p  b y  
u s i n g  a  s e t  o f  in t e r s a t e l l i t e  l in k s .  T h e  t r a f f i c  i s  e x p e c t e d  t o  b e  r o u t e d  in  s p a c e  f o r  th e  m a x i m u m  
d u r a t io n  p o s s i b l e .  R o u t i n g  i s  d e t e r m in e d  b y  u s e r s ’ g e o g r a p h i c a l  l o c a t i o n s  a n d  c e r t a i n  o p t i m i s a t i o n  
c r i t e r i a  s u c h  a s  m in im u m  h o p  o r  m in im u m  c o s t  a t  c a l l  s e t - u p  [ U Z U 9 7 B ] .  O n e  d i s t i n c t  f e a t u r e  o f  t h i s  
k in d  o f  c o n n e c t i o n  i s  th a t  th e  c o n n e c t io n  le n g t h  v a r i e s  w ith  th e  t im e  d u r i n g  th e  a c t i v e  p e r i o d .  B e s i d e s  
t h e  c o n t i n u o u s  c h a n g e s  c a u s e d  b y  c o - r o t a t i n g  i n t e r p la n e  I S L s ,  d i s c o n t i n u o u s  c h a n g e s  c a u s e d  b y  th e  
d e a c t i v a t i o n  o f  im p le m e n t e d  in t e r p la n e  I S L s  in  th e  p o l a r  r e g io n  a l s o  p r e s e n t s  d i s c r e t e - t i m e  
c o n t r ib u t i o n s  t o  th e  c o n n e c t io n ,  w h ic h  n e c e s s i t a t e s  c o n n e c t io n  h a n d o v e r .  C o n n e c t i o n  h a n d o v e r  c o u l d  
r e s u l t  in  u p d a t i n g  th e  c o n n e c t io n  p a r t i a l l y  o r  in  s e t t i n g  u p  a  w h o le  n e w  r o u t e  in  s o m e  c a s e s .
2.1.4 Satellite Channel
C h a n n e l  f a d i n g  f a c t o r s  c a n  b e  c h a r a c t e r i s e d  b y  p a t h  l o s s ,  A d d i t i v e  W h it e  G a u s s i a n  N o i s e  ( A W G N ) ,  
D o p p l e r  e f f e c t ,  m u l t ip a t h  a n d  s h a d o w i n g .  D u e  t o  t h e s e  f a c t o r s ,  th e  s i g n a l  p o w e r  c o u l d  b e  s e r i o u s l y  
a t t e n u a t e d  a n d  th e  s i g n a l  e n v e l o p e  c o u l d  b e  b a d l y  d i s t o r t e d .  T h e  d i s t o r t io n  c a n  l e a d  t o  a  h ig h  b i t  e r r o r  
r a t e  in  th e  t r a n s m i t t e d  d i g i t a l  s i g n a l  a n d  d e g r a d a t io n  in  th e  s e r v i c e  q u a l i t y  to  a n  u n a c c e p t a b l e  l e v e l .  A n  
a c c u r a t e  c h a n n e l  m o d e l  i s  t h e r e f o r e  im p o r t a n t  f o r  a s s e s s i n g  th e  c o m m u n i c a t i o n  s y s t e m  Q o S  
p e r f o r m a n c e .
W ith  t h e  d e v e l o p m e n t  o f  th e  p a c k e t  s w i t c h i n g  t e c h n iq u e ,  o n e  o f  th e  k e y  t e c h n ic a l  a r e a s  i s  to  d e t e r m in e  
th e  e f f e c t  o f  c h a n n e l  f a d i n g  o n  n e t w o r k  p e r f o r m a n c e .  Q o S  o f  u s e r  a p p l i c a t i o n s  i s  c l o s e l y  r e l a t e d  to  th e  
p e r f o r m a n c e  o f  th e  p a c k e t  t r a n s m i s s i o n  o v e r  r a d i o  c h a n n e l ,  w h ic h  i s  c o n t r o l l e d  b y  a  d a t a  l in k  p r o t o c o l .  
A  s e t  o f  p a c k e t - l e v e l  p a r a m e t e r s  s u c h  a s  C e l l  L o s s  R a t i o  ( C L R ) ,  C e l l  E r r o r  R a t e  ( C E R )  a n d  C e l l  
T r a n s f e r  D e l a y  ( C T D )  a r e  u s e d  in  A T M  to  c h a r a c t e r i s e  th e  p e r f o r m a n c e  o f  A T M  l a y e r  a n d  a n  e n d - t o -  
e n d  c o n n e c t i o n  [ A T F 9 6 ] .  T h e r e f o r e ,  a  p a c k e t - l e v e l  f a d i n g  c h a n n e l  m o d e l  i s  n e e d e d  f o r  r e a l i s t i c  
s i m u l a t i o n  a n d  a n a l y s i s  o f  th e  Q o S  p a r a m e t e r s  a n d  n e t w o r k  p e r f o r m a n c e .
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Correlated Fading Channel Model
E x t e n s i v e  r e s e a r c h  w o r k  h a s  b e e n  p e r f o r m e d  t o  m o d e l  a n d  r e p r e s e n t  th e  d y n a m ic  c h a n n e l  b e h a v i o u r .  
T h e  c h a n n e l  m o d e l  c a n  g e n e r a l l y  b e  d i v i d e d  in t o  t w o  c a t e g o r i e s ,  o n e  a n  a n a l o g u e  m o d e l  a n d  th e  o t h e r  
a  d i g i t a l  m o d e l .  T h e  a n a l o g u e  m o d e l  a t t e m p t s  t o  r e p r e s e n t  th e  c h a n n e l  b e h a v i o u r  a t  s i g n a l  l e v e l  f o r  
D S P  l e v e l  s i m u l a t i o n .  T w o  w id e ly  u s e d  a n a l o g u e  m o d e l s  a r e  th e  n a r r o w b a n d  a n a l o g u e  m o d e l  
p r o p o s e d  b y  L u t z  [ L U T 9 1 ]  a n d  th e  w id e b a n d  c h a n n e l  m o d e l  p r o p o s e d  b y  T u r i n  [ T U R 9 0 J .  D i g i t a l  
m o d e l s ,  s u c h  a s  G i l b e r t  c h a n n e l  m o d e l  [ G I L 6 0 ]  a n d  L u t z  t w o - s t a t e  c h a n n e l  m o d e l  [ L U T 9 1 ]  a r e  
g e n e r a l l y  u s e d  f o r  a n a l y s e s .  T h e y  a t t e m p t  t o  r e p r e s e n t  th e  c h a n n e l  b e h a v i o u r  a t  a  d i s c r e t e  t im e .  
H o w e v e r ,  t h e s e  d i g i t a l  m o d e l s  a r e  o f t e n  b a s e d  o n  b i t s  o r  s y m b o l s ,  th e y  c a n n o t  b e  e f f i c i e n t l y  u s e d  to  
o b t a in  th e  p a c k e t  s t a t i s t i c s  o f  th e  n e t w o r k  p e r f o r m a n c e  e v a l u a t i o n .  H e n c e  t h e s e  m o d e l s  a r e  n o t  v e r y  
s u i t a b l e  f o r  b l o c k  l e v e l  p e r f o r m a n c e  a n a l y s e s .  M i c h e l e  Z o r z i  h a s  p r o p o s e d  a  b l o c k - l e v e l  t w o - s t a t e  
M a r k o v  m o d e l  to  r e p r e s e n t  b u r s t y  f a d i n g  c h a n n e l s ,  w h ic h  i s  s u i t a b l e  f o r  n e t w o r k  p e r f o r m a n c e  
e v a l u a t i o n  [ Z O R 9 5 ] .  T h i s  m o d e l  th a t  h a s  b e e n  u s e d  in  o u r  w o r k  i s  b r i e f l y  d e s c r i b e d  h e r e in .
Z o r z i  v e r i f i e d  th a t  a  f i r s t - o r d e r  M a r k o v  m o d e l  f o r  d a t a  t r a n s m i s s i o n  o n  f l a t  f a d i n g  c h a n n e l s  i s  
s u f f i c i e n t  a c c u r a t e  e n o u g h  t o  r e p r o d u c e  th e  c h a n n e l  m e m o r y .  T h i s  m o d e l  t r e a t s  th e  I D D  ( i n d e p e n d e n t  
a n d  i d e n t i c a l l y  d i s t r i b u t e d )  m o d e l  a s  a  s p e c i a l  c a s e .  It h a s  b e e n  f o u n d  th a t  th e  p r o p o s e d  m o d e l  g i v e s  
s i g n i f i c a n t l y  d i f f e r e n t  r e s u l t s  f r o m  th e  p r e v i o u s l y  p r o p o s e d  I D D  m o d e l  u s e d  in  th e  b l o c k  t r a n s m i s s i o n  
w h e r e in  b l o c k  e r r o r s  a r e  a s s u m e d  i n d e p e n d e n t  a n d  i d e n t i c a l l y  d i s t r ib u t e d .  O n  th e  o t h e r  h a n d ,  Z o r z i  
f o u n d  th a t  th e  r e s u l t s  w e r e  r e l a t i v e l y  i n s e n s i t i v e  to  th e  m e m o r y  o f  th e  M a r k o v  m o d e l .  A  f i r s t - o r d e r  
m o d e l  i s  t h u s  s u f f i c i e n t  to  r e p r e s e n t  th e  c h a n n e l  m e m o r y  a n d  a  h ig h e r - o r d e r  m o d e l  i s  t h e r e f o r e  n o t  
c o n s i d e r e d .  Z o r z i  h a s  d e r i v e d  th e  p a c k e t  s u c c e s s / f a i l u r e  p r o c e s s  o v e r  a  c o r r e l a t e d  f l a t  f a d i n g  c h a n n e l  
a n d  p r o v i d e d  u s  w ith  a  t e c h n iq u e  to  e v a l u a t e  p a c k e t  t r a n s m i s s i o n  in  a  m o r e  r e a l i s t i c  c h a n n e l  f a d i n g  
c o n d i t io n .
Z o r z i ’ s  w o r k  h a s  v e r i f i e d  th e  a c c u r a c y  o f  a  f i r s t - o r d e r  b in a r y  M a r k o v  m o d e l  f o r  th e  s u c c e s s / f a i l u r e  
p r o c e s s  o f  d a t a  b l o c k s  u n d e r  th e  a s s u m p t i o n  th a t  th e  c o n s i d e r e d  d a t a  r a t e  i s  r e l a t i v e l y  h ig h  ( h u n d r e d s  
o f  k b i t s / s ) ,  s o  th a t  t h e  d u r a t io n  o f  a  p a c k e t  o f  h u n d r e d s  o f  b i t s  i s  s m a l l e r  th a n  th e  c o h e r e n c e  t im e .  T h i s  
i m p l i e s  a  n a r r o w b a n d  c h a n n e l .  H e  h a s  c o n s i d e r e d  a  f r e q u e n c y  n o n - s e l e c t i v e  ( f i a t )  m u l t ip a t h  f a d i n g  
c h a n n e l ,  w h ic h  i s  m o d e l l e d  a s  a  m u l t i p l i c a t iv e  c o m p l e x  f u n c t i o n ,  a(t), a n d  i s  a d e q u a t e l y  d e s c r i b e d  a s  a  
r a n d o m  p r o c e s s .
T h e  p a c k e t  s u c c e s s / f a i l u r e  p r o c e s s  i s  m o d e l l e d  a s  th e  o u t c o m e  o f  a  c o m p a r i s o n  o f  th e  i n s t a n t a n e o u s  
s i g n a l - t o - n o i s e  r a t io  t o  a  t h r e s h o ld  v a l u e ,  SNR,. I f  i t  i s  a b o v e  th e  t h r e s h o ld ,  th e  p a c k e t  i s  s u c c e s s f u l l y  
d e c o d e d  w ith  p r o b a b i l i t y  1 ; o t h e r w i s e ,  th e  p a c k e t  i s  l o s t  w ith  p r o b a b i l i t y  0 .  I f  F i s  th e  v a l u e  o f  th e  
f a d i n g  m a r g i n ,  w h ic h  i s  d e f i n e d  a s  a  m a r g in  o f  e x t r a  s i g n a l  s t r e n g t h  b u i l t  in t o  th e  s y s t e m  to  
c o m p e n s a t e  f o r  t r a n s i t io n a l  f a d i n g  c o n d i t i o n s ,  th e  in s t a n t a n e o u s  s i g n a l - t o - n o i s e  r a t i o  ( t a k i n g  in to
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a c c o u n t  th e  e f f e c t  o f  t h e  f a d i n g )  i s  g i v e n  b y  SNR,F\a\t)\. H e n c e ,  th e  b in a r y  p r o c e s s  th a t  d e s c r i b e s  
p a c k e t  s u c c e s s / f a i l u r e  o n  th e  c h a n n e l ,  (3i5 c a n  b e  o b t a i n e d  b y  q u a n t i z a t i o n  o f  th e  s q u a r e d  m a g n i t u d e  o f  
th e  c o m p l e x  G a u s s i a n  d e s c r i p t i o n  w ith  t h e  t h r e s h o l d  1/F, i . e . ,
P r ( 2 - 7 )
1 i f  v ~ < \ /  F
w h e r e  Vj =  l a ( / 7 ) l  i s  th e  a m p l i t u d e  o f  th e  f a d i n g  e n v e l o p e  a t  t im e  jT\ T i s  th e  p a c k e t  d u r a t i o n ,  a n d  “ 1”  
s t a n d s  f o r  a  p a c k e t  f a i l u r e .  T h e  a b o v e  s u c c e s s / f a i l u r e  p r o c e s s  o n  a  m o b i l e  r a d i o  c h a n n e l  i s  d e s c r i b e d  
b y  a  f i r s t - o r d e r  M a r k o v  m o d e l  s h o w n  in  F i g u r e  2 - 1 1 .
1 - q
<1
F i g u r e  2 - 1 1  Z o r z i ’ s  f i r s t - o r d e r  M a r k o v  m o d e l .
T h e  p a r a m e t e r s  o f  th e  M a r k o v  m o d e l  c a n  b e  d e t e r m in e d  o n  th e  b a s i s  o f  th e  f a d i n g  m o d e l  a n d  th e  
c h a r a c t e r i s t i c s  o f  th e  c o m m u n i c a t i o n  s c h e m e .  T h e  t r a n s i t i o n  p r o b a b i l i t y  m a t r i x  th a t  d e s c r i b e s  th e  
c h a n n e l  i s  g i v e n  b y
M r =
(  P 1 -  P (2-8)
Q )
w h e r e  p a n d  I-q a r e  th e  p r o b a b i l i t i e s  t h a t  th e  p a c k e t  t r a n s m i s s i o n  in  s l o t  j  i s  s u c c e s s f u l ,  g i v e n  th a t  th e  
t r a n s m i s s i o n  in  s l o t  j - 1 i s  s u c c e s s f u l  o r  u n s u c c e s s f u l ,  r e s p e c t i v e l y .  G i v e n  th e  m a t r i x  M c, th e  c h a n n e l  
m o d e l  i s  c o m p l e t e l y  c h a r a c t e r i s e d .  In  p a r t i c u l a r ,  t h e  s t e a d y - s t a t e  p r o b a b i l i t y ,  P E, a  p r o b a b i l i t y  w h e n  a  
p a c k e t  e r r o r  o c c u r s  d u e  to  f a d i n g  a n d  n o i s e ,  i s
P r -
1 ~ P
( 2 - 9 )
2 - p - q
A l s o ,  n o t e  th a t  (1  - q ) ' 1 r e p r e s e n t s  th e  a v e r a g e  le n g t h  o f  a  b u r s t  o f  e r r o r s ,  w h ic h  i s  d e s c r i b e d  b y  a  
g e o m e t r i c  r a n d o m  v a r i a b l e .  T h e  p a r a m e t e r s  o f  t h e  a b o v e  M a r k o v  m o d e l  c a n  b e  d e r i v e d  f r o m
D  i ~UFP H= { ~ e (2-10)
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and
, Q(0,pO)-Q(pe,O) 
<7 = 1--------iTf-------- (2-11)
w h e r e
(2-12)
p  i s  t h e  c o r r e l a t i o n  c o e f f i c i e n t  o f  t w o  s u c c e s s i v e  s a m p l e s  o f  th e  c o m p l e x  a m p l i t u d e  o f  a  f a d i n g  
c h a n n e l  w ith  D o p p l e r  f r e q u e n c y / J ,  t a k e n  T  s e c o n d s  a p a r t ,  f  j  i s  th e  n o r m a l i s e d  D o p p l e r  b a n d w id t h ,
J />
a n d
i s  th e  M a r c u m  Q  f u n c t i o n ,  w h e r e in  1„ i s  th e  m o d i f i e d  B e s s e l  f u n c t io n  o f  th e  f i r s t  k in d  a n d  o f  z e r o t h  
o r d e r .
N o t e  t h a t  th e  c o r r e l a t i o n  p r o p e r t i e s  o f  th e  f a d i n g  p r o c e s s  d e p e n d  o n ly  o n  f  j .  W h e n  it i s  s m a l l  ( e . g .
<  0 . 2 ) ,  s u c c e s s i v e  s a m p l e s  o f  th e  c h a n n e l  a r e  a l m o s t  i n d e p e n d e n t  ( “ f a s t ”  f a d i n g ) .  F o r  h ig h  d a t a  r a t e s  
( i . e .  s m a l l  7 ) ,  th e  f a d i n g  p r o c e s s  c a n  t y p i c a l l y  b e  c o n s i d e r e d  t o  b e  s l o w  f a d i n g  f o r  t y p i c a l  s p e e d s  o f  
m o v i n g  m o b i l e  t e r m i n a l s ,  s o  th a t  th e  d e p e n d e n c e  b e t w e e n  t r a n s m i s s i o n s  o f  c o n s e c u t i v e  d a t a  p a c k e t s  i s  
n o n - n e g l i g i b l e .
T w o  s t a n d a r d i s a t i o n  o r g a n i s a t i o n s ,  th e  I T U - T  ( I n t e r n a t io n a l  T e l e c o m m u n i c a t i o n s  U n io n  -  
T e l e c o m m u n i c a t i o n  S t a n d a r d i s a t io n  S e c t o r )  a n d  th e  A T M  F o r u m ,  a r e  c u r r e n t ly  i n v o l v e d  in  A T M  
s t a n d a r d s .  E T S I  ( E u r o p e a n  T e l e c o m m u n i c a t i o n s  S t a n d a r d s  I n s t i t u t e )  h a s  a d o p t e d  a  p o l i c y  o f  
p r o d u c i n g  A T M  s t a n d a r d s  c o m p a t i b l e  w ith  t h o s e  o f  I T U - T .
A T M  i s  d e s i g n e d  f o r  B - I S D N  n e t w o r k .  It  c o n s i s t s  o f  f o u r  t y p e s  o f  i n t e r f a c e s ,  N e t w o r k - N e t w o r k  
I n t e r f a c e  ( N N I ) ,  U s e r - N e t w o r k  I n t e r f a c e  ( U N I ) ,  P r i v a t e  U N I  ( P - U N I )  a n d  P r i v a t e  N N I  ( P - N N I ) ,  a s  
s h o w n  in  F i g u r e  2 - 1 2  [ O N V 9 5 ] .  A T M  i s  a  c o n n e c t io n - o r ie n t e d  t e c h n o lo g y  c a p a b l e  o f  s u p p o r t i n g  a l l  
c l a s s e s  o f  t r a f f i c  in  o n e  t r a n s m i s s i o n .  U s e r  Q o S  r e q u i r e m e n t s  a r e  d e c l a r e d  a n d  n e g o t i a t e d  a t  th e  
c o n n e c t i o n  s e t - u p  a n d  w i l l  b e  g u a r a n t e e d  in  th e  f o l l o w i n g  c o m m u n i c a t i o n  b y  a l l  th e  i n t e r m e d ia t e  
s w i t c h e s  b e t w e e n  e n d  u s e r s .
Q ( x , y )  =  ) e  2 I Q( x w ) w d w (2-13)
<  0 . 1 ) ,  t h e  p r o c e s s  i s  v e r y  c o r r e l a t e d  ( “ s l o w ”  f a d i n g ) ;  o n  th e  o t h e r  h a n d , f o r  a  l a r g e  v a l u e  o f  f  j  ( e . g .47 /)
2.2 A T M  I n t r o d u c t i o n
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F i g u r e  2 - 1 2  A T M  s i g n a l l i n g  i n t e r f a c e s  ( T E :  T e r m i n a l  E q u i p m e n t ) .
2.2.1 ATM Protocol Lavers
T h e  p r o t o c o l  r e f e r e n c e  m o d e l  o f  B - I S D N  i s  s h o w n  in  F i g u r e  2 - 1 3 .  It  c o n s i s t s  o f  t h r e e  p l a n e s ,  c o n t r o l ,  
u s e r  a n d  m a n a g e m e n t .  T h e  c o n t r o l  p l a n e  h a n d l e s  a l l  th e  c o n n e c t io n  m a n a g e m e n t  r e l a t e d  f u n c t i o n s ,  
a d d r e s s i n g  a n d  r o u t in g .  T h e  u s e r  p l a n e  t r a n s m i t s  e n d - t o - e n d  u s e r  i n f o r m a t io n  b e t w e e n  c o m m u n i c a t i o n  
p a r t i e s .  T h e  n e t w o r k  O p e r a t i o n  A n d  M a n a g e m e n t  ( O A M )  f u n c t i o n s  a r e  p r o v i d e d  b y  t h e  m a n a g e m e n t  
p l a n e .  A l l  t h r e e  p l a n e s  u s e  th e  c o m m o n  lo w  l a y e r s :  p h y s i c a l  l a y e r ,  A T M  l a y e r  a n d  A T M  A d a p t a t i o n  
L a y e r  ( A A L ) .
2 . 2 . 1 .1  P h y s ic a l  L a y e r
A T M  w a s  o r i g i n a l l y  d e s i g n e d  f o r  h ig h  s p e e d  a n d  lo w  B i t  E r r o r  R a t e  ( B E R )  w i r e l i n e  t r a n s m i s s i o n  
m e d i a  s u c h  a s  S y n c h r o n o u s  O p t i c a l  N E T w o r k  ( S O N E T )  a n d  S y n c h r o n o u s  D i g i t a l  H ie r a r c h y  ( S D H )  
th a t  a r e  m o s t  c o m m o n  o n e s .  T h e s e  t w o  s t a n d a r d s  u s e  o p t i c a l  f ib r e  a s  th e  t r a n s m i s s i o n  m e d iu m .  
C o a x i a l  c a b l e  a n d  t w i s t e d  p a i r  c a n  a l s o  b e  u s e d  f o r  A T M  b u t  th e  b i t  r a t e s  a c h i e v e d  a r e  l o w e r  th a n  
t h o s e  a c h i e v e d  v i a  o p t i c a l  f ib r e s .
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T h e  A T M  p h y s i c a l  l a y e r  c o m p r i s e s  t w o  s u b - l a y e r s ,  th e  p h y s i c a l  m e d iu m  ( P M )  a n d  th e  t r a n s m i s s i o n  
c o n v e r g e n c e  ( T C )  s u b - l a y e r s .  T h e  P M  s u b - l a y e r  t a k e s  c a r e  o f  th e  t r a n s m i s s i o n  o f  th e  b i t s  a c r o s s  th e  
p h y s i c a l  m e d i u m .  T h e  T C  i s  m o r e  A T M  d e p e n d e n t  a n d  d e a l s  w ith  th e  f u n c t i o n s  n e c e s s a r y  t o  s u p p o r t  
th e  A T M  c e l l  t y p e  d a t a  t r a n s f e r .  T h e s e  f u n c t i o n s  i n c lu d e ,  f o r  e x a m p l e ,  H e a d e r  E r r o r  C o r r e c t i o n  ( H E C )  
g e n e r a t i o n ,  c e l l  d e l i n e a t i o n ,  t r a n s m i s s i o n  f r a m e  g e n e r a t i o n  a n d  r e c o v e r y  f u n c t i o n s  [ O N V 9 5 ] .
2 .2 . 1 . 2  A T M  L a y e r
T o  k e e p  u p  w ith  h i g h - s p e e d  t r a n s m i s s i o n  l i n k s ,  th e  A T M  l a y e r  f u n c t io n  i s  s i m p l i f i e d .  T h e  A T M  l a y e r  
o n ly  c o p e s  w ith  c e l l  h e a d e r  r e l a t e d  f u n c t i o n s  a n d  l a y e r  m a n a g e m e n t .  U s e r  i n f o r m a t i o n  i s  c a r r i e d  in  
A T M  c e l l s  th a t  a r e  f i x e d  5 3  b y t e s  w ith  a  5  b y t e s  h e a d e r .  T h e  h e a d e r  c o n t a i n s  V i r t u a l  P a t h  I d e n t i f i e r  
a n d  V i r t u a l  C o n n e c t i o n  I d e n t i f i e r  ( V P I / V C I )  u s e d  b y  th e  A T M  s w i t c h  to  r o u t e  i n c o m in g  c e l l s  t o  th e  
n e x t  l in k .  A  V P I / V C I  i s  a l l o c a t e d  f o r  a  v i r t u a l  c o n n e c t i o n  b y  th e  s w i t c h  w h e n  th e  c o n n e c t i o n  i s  s e t  u p ,  
a n d  it r e m a i n s  u n c h a n g e d  f o r  th e  e n t i r e  l i f e t i m e  o f  th e  c o n n e c t io n .
A T M  l a y e r  b u f f e r s  i n c o m in g  a n d  o u t g o i n g  c e l l s ,  h a n d le  v a r i o u s  t r a f f i c  m a n a g e m e n t  f u n c t i o n s  s u c h  a s  
c e l l  l o s s  p r i o r i t y  m a r k i n g ,  g e n e r i c  f l o w  c o n t r o l  a n d  m o n i t o r in g  o f  th e  t r a n s m i s s i o n  r a t e .  T h e  e ig h t - b i t  
H E C  c a n  c o r r e c t  s i n g l e  b i t  e r r o r  in  th e  h e a d e r .  N o  l in k - b y - l in k  b a s e d  e r r o r  c o n t r o l  i s  p e r f o r m e d  f o r  4 8  
b y t e  c e l l  p a y l o a d  a t  th e  p h y s i c a l  l a y e r  a n d  A T M  la y e r .  S i m i l a r  c e l l  f o r m a t s  a r e  e m p l o y e d  b y  th e  U N I  
a n d  N N I .  T h e  o n ly  d i f f e r e n c e  i s  th a t  th e  G e n e r i c  F l o w  C o n t r o l  ( G F C )  f i e l d  d o e s  n o t  a p p e a r  in  th e  N N I  
c e l l  f o r m a t  a n d  i t  i s  u s e d  to  e x t e n d  th e  V P I  f i e l d  in  N N I .
2 .2 . 1 .3  A T M  A d a p t a t io n  L a y e r
T h e  A T M  A d a p t a t i o n  l a y e r  ( A A L )  p e r f o r m s  s e g m e n t a t i o n  a n d  r e a s s e m b l y  s e r v i c e s ,  w h ic h  m a p  
u s e r / c o n t r o l  m a n a g e m e n t  P r o t o c o l  D a t a  U n i t s  ( P D U )  in to  A T M  c e l l s ,  a n d  a d a p t  d i f f e r e n t  s e r v i c e s  to  
th e  A T M  n e t w o r k .  T h e  A A L  l a y e r  e n h a n c e s  th e  s e r v i c e s  p r o v i d e d  b y  th e  A T M  l a y e r  t o  m e e t  th e  
r e q u i r e m e n t s  o f  s p e c i f i c  a p p l i c a t i o n s .  T h e s e  a p p l i c a t i o n s  c o u l d  b e  u s e r  a p p l i c a t i o n s  o r  c o n t r o l  
m a n a g e m e n t  f u n c t i o n s .
A  v a r i e t y  o f  s e r v i c e s  t o  b e  t r a n s p o r t e d  o v e r  A T M  la y e r  a r e  c l a s s i f i e d  in to  f o u r  t y p e s ,  e a c h  o f  w h ic h  
h a s  i t s  o w n  s p e c i f i c  r e q u i r e m e n t  f o r  A A L .  D i f f e r e n t  A A L s  a r e  t h e r e f o r e  d e f i n e d  a c c o r d i n g  t o  t h r e e  
b a s i c  p a r a m e t e r s :  t i m i n g  r e l a t i o n s h ip  b e t w e e n  s o u r c e  a n d  d e s t i n a t i o n ,  b i t  r a t e  a n d  c o n n e c t i o n  m o d e .
A A L  1 s u p p o r t s  C o n s t a n t  B i t  R a t e  ( C B R )  s e r v i c e s .  T o  s u p p o r t  th e  C B R  s e r v i c e s ,  s e r v i c e  d a t a  u n i t ,  
t i m i n g  i n f o r m a t i o n  a n d  d a t a  s t r u c t u r e  in f o r m a t i o n  a r e  t r a n s f e r r e d  b e t w e e n  s o u r c e  a n d  d e s t i n a t i o n .  
F u n c t io n s  f o r  s o u r c e  c l o c k  r e c o v e r y  a n d  c o n t r o l  o f  c e l l  d e l a y  v a r i a t io n  a r e  a l s o  i n c l u d e d .  A A L  1 a l s o  
o f f e r s  a n  i n d i c a t i o n  o f  th e  e r r o n e o u s  in f o r m a t io n .
A A L  2  i s  u s e d  m a in ly  f o r  V a r i a b l e  B i t  R a t e  ( V B R )  s e r v i c e s  w ith  t i m i n g  r e q u i r e m e n t s .
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A A L  3 / 4  s u p p o r t s  V B R  s e r v i c e s  th a t  d o  n o t  r e q u i r e  a  t i m i n g  r e l a t i o n s h ip  b e t w e e n  th e  s o u r c e  a n d  th e  
d e s t i n a t i o n .  T h i s  i s  r e c o m m e n d e d  b y  I T U  f o r  t r a n s f e r r i n g  d a t a  s e r v i c e s  th a t  a r e  s e n s i t i v e  t o  l o s s ,  b u t  
n o t  to  d e l a y .  O n e  o f  th e  m o s t  im p o r t a n t  f u n c t i o n a l i t i e s  o f  A A L  3 / 4  i s  th a t  it  p r o v i d e s  e i t h e r  a s s u r e d  o r  
n o n - a s s u r e d  p e e r - t o - p e e r  o p e r a t i o n a l  p r o c e d u r e  to  b o th  m e s s a g e  a n d  s t r e a m  m o d e s .  T h e  A A L  3 / 4  
p e r f o r m s  th e  e r r o r  c o n t r o l  v i a  th e  c y c l i c  r e d u n d a n c y  c o d e  ( C R C )  f i e l d  a n d  c e l l  r e t r a n s m i s s i o n .  F l o w  
c o n t r o l  i s  a l s o  o f f e r e d  b e t w e e n  e n d p o in t s .
T h e  s e r v i c e  o f  A A L  5  i s  s i m i l a r  t o  th a t  o f  A A L  3 / 4  e x c e p t  f o r  n o  m u l t i p l e x in g  s u p p o r t e d .  A A L  5  is  
m o d i f i e d  f r o m  A A L  3 / 4 .  It  i s  u s e d  to  p r o v i d e  a  s e r v i c e  w ith  l e s s  o v e r h e a d  a n d  b e t t e r  e r r o r  d e t e c t io n  
f o r  s i g n a l l i n g  a n d  d a t a  s e r v i c e s  [ O T H 9 5 ] ,  O t h e r  th a n  C R C - 1 0  u s e d  in  A A L  3 / 4 ,  A A L  5  u s e s  C R C - 3 2 .
Signalling AAL
T h e  S A A L  i s  t h e  s e r v i c e  s p e c i f i c  s i g n a l l i n g  a d a p t a t i o n  l a y e r  im p le m e n t e d  o n  t o p  o f  A T M  l a y e r  a t  th e  
c o n t r o l  p l a n e .  I t  p r o v i d e s  r e l i a b l e  t r a n s p o r t  o f  s i g n a l l i n g  m e s s a g e s  in  a n  A T M  n e t w o r k .  T h e  S A A L  
c o n s i s t s  o f  S S C F  ( S e r v i c e - S p e c i f i c  C o o r d i n a t i o n  F u n c t io n )  a n d  S S C O P  ( S e r v i c e - S p e c i f i c  C o n n e c t i o n -  
O r ie n t e d  P r o t o c o l ) .  T h e  S S C O P  p e r f o r m s  f u n c t i o n s  s i m i l a r  t o  a  c l a s s i c  l in k  c o n t r o l  p r o t o c o l .  S S C F  i s  
d e f i n e d  a s  Q . 2 1 3 0  t o  in t e r p r e t  th e  Q .2 9 3 1  p r o t o c o l  a t  th e  U N I  a n d  Q . 2 1 4 0  t o  in t e r p r e t  th e  M T P - 3  
p r o t o c o l  a t  t h e  N N I .
2.2.2 ATM Traffic Classes and QoS Provisioning
T h e  A T M  f o r u m  h a s  d e f i n e d  a  s e t  o f  t r a f f i c  c l a s s e s  a n d  t h e i r  p a r a m e t e r s .  T h e  d e f i n e d  A T M  t r a f f i c  
c l a s s e s  i n c l u d e  C o n s t a n t  B i t  R a t e  ( C B R ) ,  r e a l - t im e  V a r i a b l e  B i t  R a t e  ( r t - V B R ) ,  n o n - r e a l  t im e  V a r i a b l e  
B i t  R a t e  ( n r t - V B R ) ,  A v a i l a b l e  B i t  R a t e  ( A B R )  a n d  U n s p e c i f i e d  B i t  R a t e  ( U B R ) .  C B R  a n d  r t - V B R  
r e q u i r e  c e r t a i n  Q o S  g u a r a n t e e  o n  C e l l  L o s s  R a t e  ( C L R ) ,  C e l l  T r a n s f e r  D e l a y  ( C T D )  a n d  C e l l  D e l a y  
V a r i a t i o n  ( C D V )  f r o m  th e  n e t w o r k .  N r t - V B R ,  A B R  a n d  U B R  a r e  n o t  d e l a y  s e n s i t i v e  s e r v i c e s .  
H o w e v e r ,  n r t - V B R  r e q u i r e s  a  g u a r a n t e e  f o r  th e  C L R .  A B R  r e q u i r e s  a  " b e s t  e f f o r t "  a p p r o a c h  o n  
b a n d w id t h  a l l o c a t i o n .  U B R  s e r v i c e  d o e s  n o t  o f f e r  a n y  s e r v i c e  g u a r a n t e e s .  A  u s e r  i s  f r e e  to  s e n d  a n y  
a m o u n t  o f  d a t a  u p  t o  a  s p e c i f i e d  m a x i m u m  w h i le  th e  n e t w o r k  m a k e s  n o  g u a r a n t e e s  a t  a l l  o n  th e  c e l l  
l o s s  r a t e ,  d e l a y  o r  d e l a y  v a r i a t i o n  th a t  m ig h t  o c c u r .
F o r  e v e r y  t r a f f i c  c l a s s  t h e r e  e x i s t  a  n u m b e r  o f  p a r a m e t e r s  th a t  c h a r a c t e r i s e  b o th  t h e  t r a f f i c  a n d  th e  Q o S  
r e q u i r e m e n t s .  T h e s e  p a r a m e t e r s  a r e  g i v e n  in  T a b l e  2 - 2  a n d  T a b l e  2 - 3 .  T h e  r e q u e s t e d  p a r a m e t e r s  h a v e  
to  b e  d e f i n e d  b y  th e  u s e r  w h e n  a  c o n n e c t i o n  s e t - u p  i s  r e q u e s t e d .
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F o r  th e  s u c c e s s  o f  A T M ,  it  i s  im p o r t a n t  th a t  it p r o v i d e s  a  g o o d  t r a f f i c  m a n a g e m e n t  f o r  b o th  b u r s t y  a n d  
n o n - b u r s t y  s o u r c e s  b a s e d  o n  th e  t y p e  o f  th e  t r a f f i c  a n d  th e  q u a l i t y  o f  s e r v i c e  d e s i r e d .  B e f o r e  a  
c o n n e c t i o n  c a n  a c t u a l l y  b e  a l l o c a t e d  t o  a  u s e r ,  a  t r a f f i c  c o n t r a c t  h a s  to  b e  e s t a b l i s h e d  t o  p r o v i d e  
g u a r a n t e e d  Q o S  [ A T F 9 6 ] .  U s e r s  c a n  s p e c i f y  a  s e t  o f  p a r a m e t e r s  to  d e s c r i b e  t h e i r  t r a f f i c  c h a r a c t e r i s t i c s  
a n d  d e c l a r e  t h e i r  d e s i r e d  Q o S .  T h e s e  Q o S  a n d  t r a f f i c  d e s c r i p t i o n  p a r a m e t e r s  a r e  g i v e n  in  T a b l e  2 - 2  
a n d  T a b l e  2 - 3  r e s p e c t i v e l y .  T h e s e  Q o S  p a r a m e t e r s  h a v e  t o  b e  a g r e e d  b y  o r  n e g o t i a t e d  w ith  th e  
n e t w o r k  d u r i n g  c o n n e c t io n  s e t - u p .  T h e  n e t w o r k  u s e s  t h e s e  p a r a m e t e r s  t o  p e r f o r m  c o n n e c t io n  
a d m i s s i o n  c o n t r o l  t o  e n s u r e  th e  Q o S  f o r  e x i s t i n g  a n d  in c o m in g  u s e r s .
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2 .2 .3  T r a f f i c  M a n a g e m e n t
Q o S  P a r a m e t e r D e s c r i p t i o n
C E R C e l l  E r r o r  R a t i o
S E C B R S e v e r e l y  E r r o r e d  C e l l  B l o c k  R a t i o
C L R C e l l  L o s s  R a t i o
C T D C e l l  T r a n s f e r  D e l a y
C D V C e l l  D e l a y  V a r i a t i o n
C M R C e l l  M i s i n s e r t i o n  R a t e
T a b l e  2 - 2  Q o S  p a r a m e t e r s .
T r a f f i c  D e s c r i p t o r s D e s c r i p t i o n
P C R P e a k  C e l l  R a t e
S C R S u s t a i n e d  C e l l  R a t e
B T B u r s t  T o l e r a n c e
M C R M i n im u m  C e l l  R a t e
C D V T C e l l  D e l a y  V a r i a t i o n  T o l e r a n c e
T a b l e  2 - 3  T r a f f i c  d e s c r i p t o r s .
In  o r d e r  to  p r o t e c t  t h e  e s t a b l i s h e d  c o n n e c t i o n ,  th e  n e t w o r k  m o n i t o r s  a n d  c o n t r o l s  th e  t r a f f i c  t o  e n s u r e  
u s e r s  t o  r e m a in  w ith  t h e i r  n e g o t i a t e d  p a r a m e t e r s .  T h i s  i s  c a l l e d  u s a g e  p a r a m e t e r  c o n t r o l .  U p o n  
d e t e c t i n g  a  n o n - c o n f o r m i n g  s o u r c e ,  th e  n e t w o r k  c a n  d r o p  o r  d e l a y  v i o l a t i n g  c e l l s  w h i l s t  w a r n in g  th e  
s o u r c e  u s e r .
C o n g e s t i o n  c o n t r o l  l i e s  a t  th e  h e a r t  o f  th e  g e n e r a l  p r o b l e m  o f  t r a f f i c  m a n a g e m e n t .  T h e  G e n e r i c  C e l l  
R a t e  A l g o r i t h m  ( G C R A )  f o r  f l o w  c o n t r o l  a n d  E x p l i c i t  F e e d b a c k  C o n g e s t i o n  I n d ic a t i o n  ( E F C I )  f o r  
c o n g e s t i o n  c o n t r o l  a r e  r e c o m m e n d e d  b y  th e  A T M  F o r u m  t o  s h a p e  th e  t r a f f i c .  W h e n  th e  n e t w o r k  i s  
b a d l y  c o n g e s t e d ,  c e l l s  w ith  l o w e r  p r io r i t y  w i l l  b e  d i s c a r d e d ,  a n d  e n d  u s e r s  w i l l  b e  i n f o r m e d  t o  s l o w  
d o w n  th e  t r a n s m i s s i o n  [ O N V 9 5 ] .
T h e  A B R  s e r v i c e  c a n  a d a p t  i t s  s o u r c e  r a t e  to  c h a n g i n g  n e t w o r k  c o n d i t i o n s .  T h e  k e y  f e a t u r e  o f  th e  
A B R  t r a f f i c  c l a s s  i s  i t s  f l o w  c o n t r o l  m e t h o d  th a t  a l l o w s  th e  f r e e  l in k  c a p a c i t y  to  b e  d y n a m i c a l l y  u s e d .
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T h e  f l o w  c o n t r o l  m a k e s  A B R  w e l l  s u i t e d  f o r  t h e  t r a n s m i s s i o n  o f  c e l l  l o s s  s e n s i t i v e  d a t a .  T h e  A T M  
F o r u m  h a s  p u t  f o r w a r d  a  r a t e - b a s e d  f l o w  c o n t r o l  m e t h o d ,  w h e r e in  th e  t r a n s m i s s i o n  r a t e  o f  th e  s o u r c e  
i s  c o n t r o l l e d .  T h e  r a t e - b a s e d  a p p r o a c h  u s e s  e n d - t o - e n d  r a t e - b a s e d  c o n t r o l .  A n o t h e r  f l o w  c o n t r o l  i s  a  
c r e d i t - b a s e d  s y s t e m ,  w h e r e in  th e  t r a f f i c  i s  c o n t r o l l e d  p e r  l in k  a c c o r d i n g  to  th e  n u m b e r  o f  b u f f e r s  
a v a i l a b l e  in  t h e  n e x t  s w i t c h  [ J A I 9 6 ] .
2.2.4 Statistical Multiplexing and ATM Connection
S t a t i s t i c a l  m u l t i p l e x in g  i s  o n e  o f  m a jo r  a d v a n t a g e s  o f  A T M .  A T M  a d o p t s  s t a t i s t i c a l  m u l t i p l e x in g  
a i m e d  a t  a c h i e v i n g  t h e  b e s t  b a n d w id t h  u t i l i s a t i o n  w h i l s t  Q o S  r e q u i r e m e n t  o f  d e l a y  a n d  l o s s  f o r  
d i f f e r e n t  t y p e s  o f  r e a l  t im e  a n d  n o n - r e a l  t i m e  t r a f f i c s  a r e  a l s o  s a t i s f i e d  d u r i n g  p e r i o d s  o f  c o n g e s t i o n .  
H o w e v e r ,  t h e  b e n e f i t  a r i s e s  o n ly  i f  t h e r e  a r e  e n o u g h  u n c o r r e l a t e d  s o u r c e s  t o  b e  m u l t i p l e x e d  [ P R Y 9 5 ] .
A n  A T M  c o n n e c t i o n  i s  c a l l e d  a  v i r t u a l  c o n n e c t i o n  ( V C ) .  T h e r e  a r e  t w o  m a in  t y p e s  o f  v i r t u a l  
c o n n e c t i o n s ,  P e r m a n e n t  V i r t u a l  C o n n e c t i o n s  ( P V C )  a n d  S w i t c h e d  V i r t u a l  C o n n e c t i o n s  ( S V C ) .  P V C  i s  
p r e - c o n f i g u r e d  a n d  S V C  i s  d y n a m ic a l l y  e s t a b l i s h e d .  A  v i r t u a l  c o n n e c t io n  c o u l d  b e  p o in t - t o - p o in t  o r  
p o in t - t o - m u l t ip o in t .
2.2.5 Call Admission Control
C A C ’s  c o m p l e t i o n  i s  r e s t r i c t e d  t o  th e  c a l l  s e t - u p  p h a s e  a n d  t o  th e  c a l l  r e - n e g o t i a t i o n  p h a s e .  C A C  
o p e r a t e s  a t  th e  U N I  ( U s e r - N e t w o r k  I n t e r f a c e )  a n d  a t  th e  N N I  ( N e t w o r k - N e t w o r k  I n t e r f a c e ) .  C A C  
a l l o c a t e s  b u f f e r s  a n d  b a n d w id t h  t o  a  V P  ( v i r t u a l  p a t h )  a c c o r d i n g  to  a  t r a f f i c  d e s c r i p t o r ,  Q o S  
r e q u i r e m e n t s ,  c a p a c i t y  o f  th e  n e t w o r k ,  a n d  m e a s u r e m e n t s  o f  th e  a c t u a l  t r a f f i c  l o a d  in  th e  d i f f e r e n t  
n e t w o r k  n o d e s ,  a s  a n  o p t io n .
A n  e f f i c i e n t  C A C  a l g o r i t h m  s h o u ld  a t t a in  h ig h  u t i l i s a t i o n  o f  th e  t r a n s m i s s i o n  l in k  b y  m e a n s  o f  
s t a t i s t i c a l  m u l t i p l e x in g ,  w h i l s t  m a i n t a i n i n g  th e  Q o S  r e q u i r e m e n t s  o f  a l l  e x i s t i n g  c o n n e c t i o n s  a n d  
t h e r e f o r e  a v o i d i n g  c o n g e s t i o n .  T h e  e f f i c i e n c y  o f  a  C A C  s c h e m e  i s  m e a s u r e d  b y  i t s  s u c c e s s  in  m e e t i n g  
th e  r e q u i r e m e n t s  d e f i n e d  f o r  a l l  t r a f f i c  m a n a g e m e n t  f u n c t i o n s  i n c l u d i n g  e f f i c i e n c y ,  s i m p l i c i t y ,  
f l e x i b i l i t y  a n d  r o b u s t n e s s .  In  p a r t i c u l a r ,  s i n c e  C A C  i n n s  a t  c a l l  s e t - u p  t im e ,  t i m e  c o n s u m i n g  a n d  
c o m p l e x  C A C  a l g o r i t h m s  a r e  n o t  a p p r o p r i a t e  f o r  r e a l  s e r v i c e s .
2.2.6 ATM UNI Signalling
T h e  t w o  m a in  c a n d i d a t e s  f o r  th e  s i g n a l l i n g  p r o t o c o l  o v e r  th e  U N I  a r e  th e  Q .2 9 3 1  s t a n d a r d i s e d  f r o m  
th e  I T U - T  a n d  th e  U N I - s i g n a l l i n g  f r o m  t h e  A T M - F o r u m .  T h e  d e s i r e d  p r o t o c o l  i s  t o  b e  c a p a b l e  o f  
d e a l i n g  w ith  c a l l  c o n t r o l  a n d  c a l l  r o u t i n g  f u n c t i o n s  in  s u p p o r t  o f  s e t - u p ,  m a i n t e n a n c e  a n d  r e l e a s e  o f  
c o n n e c t i o n s .
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T h e  A T M - F o r u m  U N I  S i g n a l l i n g  S p e c i f i c a t i o n  ( v e r s i o n  4 . 0 )  i s  b a s e d  o n  Q . 2 9 3 1 ,  b u t  h a s  s e v e r a l  
v a r i a t i o n s  o f  Q . 2 9 3 1 .  T h e  I T U - T  s p e c i f i c a t i o n s  d o  n o t  a l l o w  a  l e a f  to  j o i n  a n  A D D  P A R T Y  
C o n n e c t i o n  w i t h o u t  th e  in t e r v e n t io n  o f  th e  r o o t .  T h e  A T M - F o r u m  U N I  e s t a b l i s h e s  p r o c e d u r e s  f o r  th e  
l e a f  to  i n i t i a t e  a n  A D D  P A R T Y  r e q u e s t ,  w h ic h  i s  h a n d le d  b y  th e  n e t w o r k .  T h e  r o o t  i s  n o t  in v o l v e d  in  
t h i s  o p e r a t i o n .  U N I  4 . 0  a l s o  p r o v i d e s  f o r  a n  A T M  g r o u p  a d d r e s s ,  w h ic h  i s  a  c o l l e c t i o n  o f  A T M  e n d  
s y s t e m s .
T h e  A T M  s i g n a l l i n g  p r o t o c o l  s t a c k  i s  s h o w n  in  F i g u r e  2 - 1 4 .  A s  Q .2 9 3 1  d o e s  n o t  p o s s e s s  a n y  e r r o r -  
c o m p e n s a t i o n  m e c h a n i s m ,  a  s p e c i a l  S S C O P  ( s e r v i c e  s p e c i f i c  c o - o r d in a t io n  o r i e n t e d  p r o t o c o l )  l a y e r  f o r  
s i g n a l l i n g  i s  b u i l t  o n  t o p  o f  A A L 5  ( I T U - T  s i g n a l l i n g  p r o t o c o l  s t a c k )  t o  p r o v i d e  a  h ig h ly  r e l i a b l e  c a l l  
c o n t r o l  s i g n a l l i n g  m e s s a g e  t r a n s m i s s i o n .  S i g n a l l i n g  S S C F  ( s e r v i c e  s p e c i f i c  c o - o r d i n a t io n  f u n c t i o n )  
m a p s  th e  p a r t i c u l a r  r e q u i r e m e n t s  o f  U N I  s i g n a l l i n g  t o  th e  r e q u i r e m e n t s  o f  th e  A T M  la y e r .  C P C S  
( c o m m o n  p a r t  c o n v e r g e n c e  s u b l a y e r )  a n d  S A R  ( s e g m e n t a t i o n  a n d  r e a s s e m b l y  s u b l a y e r )  p r o v i d e  a n  
u n in s u r e d  i n f o r m a t i o n  t r a n s f e r  b u t  d e t e c t  th e  e r r o r  m e s s a g e .
Q .293 1 
SSCF
------------------ SAAL
SSCOP
CPCS
_________________ A AL5
SAR
A T M ________________
PHY
F i g u r e  2 - 1 4  A T M  s i g n a l l i n g  p r o t o c o l  s t a c k .
2 .2 .6 .1  M e t a - s i g n a l l i n g
T o  s u p p o r t  a  w id e  v a r i e t y  o f  s e r v i c e s ,  A T M  r e q u i r e s  a  n u m b e r  o f  d i f f e r e n t  s i g n a l l i n g  p r o c e d u r e s  to  
h a n d le  d i f f e r e n t  f u n c t i o n a l i t y  a n d  t o  b e  u s e d  in  d i f f e r e n t  c i r c u m s t a n c e s .  T h u s ,  th e  B - I S D N  s i g n a l l i n g  
c h a n n e l s  a r e  n o t  p e r m a n e n t ly  d e f i n e d .  U N I  s i g n a l l i n g  c o n n e c t io n  s e t - u p s  u t i l i s e  t w o  m e t h o d s  in  A T M .  
F o r  a  p o in t  t o - p o in t  c o n f i g u r a t i o n ,  a  d e d i c a t e d  s i g n a l l i n g  c h a n n e l  w ith  d e f a u l t  v a l u e  V C I = 5  f o r  
P e r m a n e n t  S i g n a l l i n g  V C I  ( P S V C I )  i s  u s e d .  F o r  a  p o in t - t o - m u l t ip o in t  c a s e ,  s i g n a l l i n g  c o n n e c t io n  i s  s e t  
u p  o n  d e m a n d  b y  a  m e t a - s i g n a l l i n g  p r o t o c o l .
M e t a - s i g n a l l i n g  i s  d e f i n e d  t o  e s t a b l i s h ,  c h e c k  a n d  r e l e a s e  u s e r - t o - n e t w o r k  s i g n a l l i n g  c h a n n e l s  in  I T U -  
T  r e c o m m e n d a t i o n  Q . 2 1 2 0  [ I T U 9 5 ] ,  I t  i s  a  s i m p l e  p r o t o c o l  w ith  5  m e s s a g e s .  A H  th e  c o m m a n d s  a r e  
g i v e n  s p a c e  in  o n e  A T M  c e l l ,  e a c h  v i a  a  r e s e r v e d  A T M  c h a n n e l  w ith  V C I = I  a n d  d e f a u l t  V P I = 0 .  A l l  
th e  m e t a - s i g n a l l i n g  m e s s a g e s  a r e  o f  th e  s a m e  s i z e .  M e t a - s i g n a l l i n g  i s  i n v o k e d  b y  t h e  u s e r  s i d e
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f o l l o w i n g  a  c a l l  e s t a b l i s h m e n t  r e q u e s t .  I t  c o u l d  a l s o  b e  i n v o k e d  b y  th e  n e t w o r k  t o  c h e c k  th e  e x i s t e n c e  
o f  o n - g o i n g  s i g n a l l i n g  c o n n e c t io n .
2 . 2 . 6 . 2  Q .2 9 3 1  P r o t o c o l
In  o r d e r  t o  s u p p o r t  p o in t - t o - p o in t  d y n a m ic  c o n n e c t io n  s e t - u p ,  c o n n e c t io n  r e - n e g o t i a t i o n  a n d  
c o n n e c t i o n  t e a r d o w n ,  a n d  th e  Q .2 9 3 1  p r o t o c o l  r u n n in g  o n  t o p  o f  S A A L  i s  u s e d .  T h i s  s i g n a l l i n g  
p r o t o c o l  a l l o w s  c o n n e c t i o n s  to  b e  s e t  u p  w ith  c h a r a c t e r i s t i c s  th a t  m e e t  th e  n e e d s  o f  b o th  th e  u s e r s  a n d  
th e  n e t w o r k .  I t  c o n s i s t s  o f  th e  p r o t o c o l  a n d  m e s s a g e s  th a t  a r e  e x c h a n g e d  b e t w e e n  a n  A T M  e n d  u s e r  
a n d  t h e  n e t w o r k .  T h e  p e e r - t o - p e e r  c o m m u n i c a t i o n  a c r o s s  th e  U N I  i s  s h o w n  in  F i g u r e  2 - 1 5 .
F i g u r e  2 - 1 5  P e e r - t o - p e e r  c o m m u n i c a t i o n s  a c r o s s  th e  U N I  ( S A P :  s e r v i c e  a c c e s s  p o in t ) .  
Point-to-Point Call set-up Signalling
U N I  s i g n a l l i n g  t a k e s  p l a c e  b e t w e e n  e n d  s t a t i o n s  a n d  th e  n e t w o r k .  S i g n a l l i n g  m e s s a g e s  p r o v i d e  th e  
n e t w o r k  w ith  e n o u g h  in f o r m a t io n  to  c h a r a c t e r i s e  th e  s o u r c e  a n d  to  l o c a t e  t h e  d e s t i n a t i o n  U N I .  A n  
o v e r v i e w  o f  th e  s e q u e n c e  o f  e v e n t s  a n d  th e  m e s s a g e  e x c h a n g e d  to  e s t a b l i s h  a  p o in t - t o - p o in t  
c o n n e c t i o n  a t  U N I  i s  s h o w n  in  F i g u r e  2 - 1 6 .
30
Mobile Satellite System Characteristics and ATM Overview
user A A TM  switch A A TM  switch B user 8
F i g u r e  2 - 1 6  S i g n a l l i n g  p r o c e d u r e  f o r  p o in t - t o - p o in t  c a l l  s e t - u p  
Point-to-Multipoint Call Set-up Signalling
P o in t - t o - m u l t ip o in t  ( P T M )  c a l l  p r o c e s s i n g  r e q u i r e d  b y  m u l t i m e d i a  a p p l i c a t i o n s ,  s u c h  a s  
v i d e o c o n f e r e n c i n g ,  i s  s u p p o r t e d  in  A T M .  S u p p o r t i n g  p o in t - t o - m u l t ip o in t  c a l l s  i s  a  d i s t i n g u i s h i n g  
f e a t u r e  o f  A T M .  C u r r e n t  P T M  s i g n a l l i n g  s p e c i f i c a t i o n s  in c l u d e  I T U - T  Q . 2 9 7 1 r e c o m m e n d a t i o n  a n d  
P T M  s i g n a l l i n g  in  A T M  f o r u m  U N I  s i g n a l l i n g  4 . 0 .  P o in t - t o - m u l t ip o in t  c a l l  s e t - u p s  a d o p t  ‘ a d d  p a r t y ’ 
o r  ‘ l e a f  in i t i a t e d  j o i n ’ m e t h o d s  [ A T F 9 6 ] .
Add Party Capability
I T U - T  r e c o m m e n d s  th e  “ a d d  p a r t y ”  p r o c e d u r e  s h o w n  in  th e  F i g u r e  2 - 1 7  t o  s e t  u p  P T M  c o n n e c t i o n s .  A  
s t e m  c o n n e c t i o n  i s  f i r s t  s e t  u p  u s i n g  p o in t - t o - p o in t  s i g n a l l i n g  b e t w e e n  a  c a l l i n g  u s e r  a n d  a  f i r s t  p a r t y  
u s e r .  T h e  r e s t  o f  th e  p a r t i e s ,  w h ic h  a r e  c a l l e d  l e a v e s ,  j o i n  th e  g r o u p  u p o n  th e  “ a d d  p a r t y ”  r e q u e s t  s e n t  
b y  th e  r o o t .  T h i s  p r o c e d u r e  o n ly  a l l o w s  t h e  r o o t  o f  a  c o n n e c t io n  to  j o i n  th e  l e a v e s  t o  th e  c o n n e c t i o n .
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F i g u r e  2 - 1 7  P o in t - t o - M u l t ip o in t  c a l l  s e t - u p .
Leaf Initiated Join (LIJ) Capability
B e c a u s e  o f  th e  d r a w b a c k  o f  th e  a d d  p a r t y  p r o c e d u r e ,  th e  A T M  f o r u m  h a s  r e c o m m e n d e d  th e  “ l e a f  
in i t i a t e d  j o i n ”  to  a l l o w  o n e  o r  m o r e  l e a v e s  t o  j o i n  th e  c o n n e c t i o n  w i t h o u t  in t e r v e n t io n  f r o m  th e  r o o t .  
L I J  h a s  N e t w o r k  L I J  a n d  R o o t  L I J  t w o  o p e r a t i o n  m o d e s .  In  th e  n e t w o r k ,  L I J  p r o c e d u r e s  a r e  d i f f e r e n t  
w h e n  a  l e a f  j o i n s  a n  a c t i v e  L I J  c a l l  f r o m  w h e n  a  l e a f  j o i n s  a n  in a c t i v e  L I J  c a l l .  L e a v e s  j o i n i n g  a c t i v e  
L I J  a n d  in a c t i v e  c a l l s  a r e  s h o w n  in  F i g u r e  2 - 1 8  a n d  F i g u r e  2 - 1 9 ,  r e s p e c t i v e l y .
root user switch switch
user A
user B 
( le a f user)
Figure 2-18 Leaf joins an active LIJ call.
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root user switch switch
F i g u r e  2 - 1 9  L e a f  j o i n s  a n  in a c t i v e  L I J  c a l l .
2.3 C o n c l u s i o n
F r o m  t h i s  in t r o d u c t io n  o f  th e  b a s i c  c h a r a c t e r i s t i c s  o f  m o b i l e  s a t e l l i t e  s y s t e m s  a n d  A T M  t e c h n o l o g y ,  it  
w i l l  b e  a p p r e c i a t e d  th a t  m o b i l e  s a t e l l i t e  c o m m u n i c a t i o n  t e c h n o l o g y  i s  c o n s i d e r a b l y  d i f f e r e n t  f r o m  
f i x e d  w i r e  l in e  t e l e c o m m u n i c a t i o n  t e c h n o l o g y .  T h e  s a t e l l i t e  c o n s t e l l a t i o n  a n d  r a d i o  t r a n s m i s s i o n  
e n v i r o n m e n t s  a r e  a l s o  d i f f e r e n t  f r o m  th e  t r a n s m i s s i o n  e n v i r o n m e n t s  f o r  w h ic h  A T M  i s  d e s i g n e d .  
T h e r e f o r e ,  a n  i n t e g r a t io n  o f  A T M  a n d  m o b i l e  s a t e l l i t e s  w o u ld  b e  e x p e c t e d  t o  r a i s e  n u m e r o u s  i s s u e s  
a n d  p r o b l e m s .  T h e  i n t e g r a t io n  i s s u e s  a n d  p r o b l e m s  w i l l  b e  d i s c u s s e d  in  th e  n e x t  c h a p t e r .
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Issues of ATM over Satellite
C h a p t e r  3  I s s u e s  o f  A T M  o v e r  S a t e l l i t e
Having discussed the characteristics of satellite systems and ATM technology, we address major 
issues of a full integration of ATM and satellites in this chapter. The integration difficulties and 
emerged QoS provisioning problems are firstly discussed. We then analyse their impacts on the 
extension of ATM and the requirements on signalling protocol for an ATM-satellite integrated 
system. Considering that a radio connection management is the key to the success of ATM over 
satellite, we particularly investigate connection management related aspects, such as multiple 
access schemes, logic link control and connection control scheme, concerning extension and 
enhancement of these signalling protocol to transporting ATM traffic in mobile satellite 
channels.
3.1 Introduction
T h e  s a t e l l i t e  c o n s t e l l a t i o n  a n d  r a d i o  t r a n s m i s s i o n  e n v i r o n m e n t  a r e  c o n s i d e r a b l y  d i f f e r e n t  f r o m  
th e  t r a n s m i s s i o n  e n v i r o n m e n t s  f o r  w h ic h  A T M  i s  d e s i g n e d .  U n s u r p r i s i n g l y ,  a n  i n t e g r a t io n  o f  
A T M  a n d  m o b i l e  s a t e l l i t e s  r a i s e s  n u m e r o u s  i s s u e s  a n d  c h a l l e n g e s .  In  t h i s  c h a p t e r ,  w e  a d d r e s s  
m a j o r  i s s u e s  o f  a  f u l l  i n t e g r a t io n  o f  A T M  a n d  s a t e l l i t e s  a n d  id e n t i f y  m a jo r  t a s k s  th a t  n e e d  to  
b e  t a c k l e d .
3.2 Integration Difficulties
A s  m e n t io n e d  in  th e  p r e v i o u s  c h a p t e r ,  A T M  t e c h n o l o g y  s u c c e e d s  in  a c h i e v i n g  h ig h  
b a n d w id t h  u t i l i s a t i o n  a n d  o f f e r i n g  a  w i d e  r a n g e  o f  q u a l i t y  l e v e l s  b y  e m p l o y i n g  t e c h n i q u e s  
s u c h  a s  f a s t  p a c k e t  s w i t c h i n g ,  V P I / V C I  r o u t in g ,  s t a t i s t i c a l  m u l t i p l e x in g  a n d  t r a f f i c  
m a n a g e m e n t .  H o w e v e r ,  s i n c e  A T M  d o e s  n o t  s u p p o r t  w i r e l e s s  a c c e s s  a n d  u s e r  m o b i l i t y ,  th e  
d e s i r e d  i n t e g r a t io n  s u f f e r s  f o l l o w i n g  m a jo r  d i f f i c u l t i e s  w h e n  u s i n g  A T M  in  a  s a t e l l i t e  
e n v i r o n m e n t .  M a n y  i s s u e s  a r e  i d e n t i f i e d  a n d  d i s c u s s e d  in  th e  f o l l o w i n g  s e c t i o n s .
3.2.1 Channel Impairment
A T M  w a s  o r i g i n a l l y  d e s i g n e d  f o r  a  h ig h  s p e e d  a n d  lo w  B E R  w ir e l in e  t r a n s m i s s i o n  m e d i a .  F o r  
e x a m p l e ,  o p t i c a l  f i b r e  t r a n s m i s s i o n  s y s t e m s  h a v e  a  B E R  o f  a r o u n d  I O '10, a n d  d i g i t a l  c i r c u i t s  
a r e  e x p e c t e d  t o  p r o v i d e  e n d - t o - e n d  n e t w o r k  B E R  in  th e  o r d e r  o f  1 0 '9 to  IO '10 [ F L U 9 5 ] .  D u e  to  
t h e s e  h ig h  q u a l i t y  t r a n s m i s s i o n  m e d i a ,  n o  l i n k - b y - l in k  b a s e d  e r r o r  c o n t r o l  i s  p e r f o r m e d  f o r  4 8  
b y t e  c e l l  p a y l o a d  a t  p h y s i c a l  a n d  A T M  l a y e r ,  a n d  d e t e c t io n  f o r  m i s i n s e r t e d  a n d  l o s t  c e l l s  a n d  
m e a n s  f o r  d e a l i n g  w ith  c e l l  d e l a y  v a r i a t i o n s  a r e  p l a c e d  a t  a  h ig h e r  l a y e r .  T h e s e  s i m p l i f i c a t i o n s  
e n a b l e  A T M  to  k e e p  u p  w ith  h i g h - s p e e d  t r a n s m i s s i o n  l in k s .
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B u t  s a t e l l i t e  s y s t e m s  s u f f e r i n g  f r o m  a t m o s p h e r i c  l o s s ,  m u l t ip a t h  f a d i n g  a n d  s h a d o w i n g  h a v e  a  
p o o r  t r a n s m i s s i o n  q u a l i t y .  A  t y p i c a l  s a t e l l i t e  l in k  m ig h t  o p e r a t e  w ith  a  B E R  b e t w e e n  1 O'3- 10"6 
[ P R 0 8 9 ]  [ F E H 9 1 ] .  T h e  B E R  p e r f o r m a n c e s  p r e s e n t  a  b i g  c o n t r a s t  w ith  t h e  B E R  p e r f o r m a n c e  
v i a  o p t i c a l  f i b r e s .  T h e  a c h i e v a b l e  B E R  in  m o b i l e  l in k s  n e c e s s i t a t e s  m o r e  c o m p l e x  e r r o r  
p r o t e c t io n  a n d  r e c o v e r y  s c h e m e s  t o  a c h i e v e  a c c e p t a b l e  s e r v i c e  B E R s .  F o r  s u c h  p o o r  q u a l i t y  
o f  m o b i l e  l in k s ,  th e  s i m p l i c i t i e s  m a d e  in  A T M  p r o t o c o l  d e s i g n  c o u l d  in c u r  h ig h  p a c k e t  e r r o r  
a n d  p a c k e t  l o s s  r e s u l t i n g  in  n e t w o r k  p e r f o r m i n g  a  c o m p l e x  e r r o r  p r o t e c t i o n  a n d  r e c o v e r y  
p r o c e d u r e .  E x t r a  b a n d w id t h  a n d  p r o c e s s i n g  r e s o u r c e  w i l l  b e  c o n s u m e d  a n d  u s e r  Q o S  s u c h  a s  
C e l l  L o s s  R a t e  ( C L R ) ,  C e l l  T r a n s f e r  D e l a y  ( C T D )  a n d  C e l l  D e l a y  V a r i a t i o n  ( C D V )  w i l l  b e  
d e g r a d e d .  T h e  i m p a c t s  a l s o  n e c e s s i t a t e s  a  c a r e f u l  c o n s i d e r a t i o n  o f  th e  s e l e c t i o n  f r e q u e n c y ,  
t r a n s m i t  a n d  r e c e iv e  p o w e r  l e v e l s ,  a n d  a p p r o p r i a t e  c o d i n g  m e c h a n i s m s .
3.2.2 User Mobility
In  o r d e r  t o  p r o v i d e  u s e r s  w ith  r o a m i n g  c a p a b i l i t y ,  n e w  s i g n a l l i n g  a n d  p r o t o c o l  m e c h a n i s m s ,  
s u c h  a s  l o c a t i o n  m a n a g e m e n t ,  p a g i n g ,  h a n d o v e r  a n d  d a t a b a s e  m a n a g e m e n t ,  h a v e  t o  b e  
i n c o r p o r a t e d  in t o  th e  A T M  p r o t o c o l .  T h i s  l e a d s  t o  a  m o r e  s o p h i s t i c a t e d  s i g n a l l i n g  p r o t o c o l  
th a n  f o r  p u r e  A T M .  M o r e  s i g n a l l i n g  t r a f f i c  w i l l  b e  g e n e r a t e d  a n d  m o r e  c h a n n e l  r e s o u r c e  w i l l  
b e  r e q u i r e d .  T h i s  s i t u a t i o n  w i l l  b e  w o r s e n e d  w h e n  c h a n n e l  f a d i n g  o c c u r s  c a u s i n g  s i g n a l l i n g  
m e s s a g e s  t o  b e  r e t r a n s m i t t e d  r e p e a t e d l y .  A s  a  c o n s e q u e n c e ,  p e r f o r m a n c e  o f  c a l l  p r o c e s s i n g  i s  
d e g r a d e d  a n d  c a l l - d r o p p i n g  p r o b a b i l i t y  i s  in c r e a s e d .
S i n c e  th e  h a n d o v e r  r a t e ,  th e  m o b i l i t y  r e l a t e d  s i g n a l l i n g  e f f i c i e n c y  a n d  g e n e r a t e d  s i g n a l l i n g  
l o a d  a r e  d e p e n d e n t  o n  th e  f r e q u e n c y  o f  u s e r s ’ r o a m i n g  r a t e  f r o m  o n e  c e l l  t o  a n o t h e r ,  a  
m o b i l i t y  m o d e l  i s  w i d e l y  u s e d  t o  c a l c u l a t e  c e l l  b o u n d a r y  c r o s s i n g  r a t e s  a n d  l o c a t i o n  a r e a  
c r o s s i n g  r a t e s .  T h i s  m o b i l i t y  m o d e l  g i v e s  th e  b o u n d a r y - c r o s s i n g  r a t e  a s  [ T H 0 9 8 ] ,
n  ( 3 - 1 )
w h e r e  p  i s  a r e a  p o p u l a t i o n  d e n s i t y ,  v i s  a v e r a g e  m o v i n g  s p e e d  a n d  L  i s  l e n g t h  o f  p e r i m e t e r  o f  
th e  a r e a .
O n  th e  b a s i s  o f  t h i s  m o b i l i t y  m o d e l ,  th e  h a n d o v e r  r a t e  o f  a  s a t e l l i t e  s y s t e m  c a n  b e  c a l c u l a t e d .  
S a t e l l i t e  h a n d o v e r  o c c u r s  w h e n  in - c a l l  t e r m i n a l s  c r o s s  th e  s p o t b e a m  a r e a  b o u n d a r y .  A s s u m i n g  
th a t  M v/, i s  th e  s p o t b e a m  b o u n d a r y  c r o s s i n g  r a t e ,  th e n  w e  h a v e
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M s„ =  0 -2)
L e t  Eterm b e  th e  p r o b a b i l i t y  o f  t e r m in a l  b e i n g  in  a  c a l l  w h e n  i t  c r o s s e s  a  s p o t b e a m  a r e a  
b o u n d a r y ,  th e n  th e  h a n d o v e r  r a t e  Ph0 c a n  b e  d e r i v e d  a s ,
P. =  M  E  ( 3 - 3 )no sp term
A s s u m i n g  th a t  th e  c a l l  a r r i v a l  r a t e  o f  a  u s e r  t e r m in a l  i s  P o i s s o n  d i s t r i b u t e d  w ith  m e a n  X, th e n  
t h e  in t e r - c a l l  a r r iv a l  t im e  /  w i l l  b e  e x p o n e n t i a l l y  d i s t r ib u t e d  \/X. A s s u m i n g  th a t  th e  c a l l
h o l d i n g  t im e  o f  a  u s e r  i s  a l s o  e x p o n e n t i a l l y  d i s t r i b u t e d  w ith  m e a n  c a l l  h o l d i n g  t im e  th. T h e n  
a n  o n - o f f  m o d e l  c a n  b e  u s e d  t o  r e p r e s e n t  th e  u s e r  in i t i a t e d  c a l l  b e h a v i o u r  w ith  “ o n ”  s t a n d i n g  
f o r  a  u s e r  in  c a l l  a n d  “ o f f ’ s t a n d i n g  f o r  a  u s e r  in  i d l e  s t a t e .  T h e r e f o r e ,  th e  m e a n  t i m e  Tin t h a t  a  
u s e r  i s  in  a  c a l l  i s  g i v e n  a s
T;in /
t,. +  —
( 3 - 4 )
W e  c a n  th e n  d e r i v e  th e  h a n d o v e r  r a t e  p e r  u s e r  a s ,
TC
( 3 - 5 )
w h e r e  N  i s  th e  u s e r  p o p u l a t i o n  in  th e  s p o t b e a m .  L e t  As b e  t h e  s i z e  o f  th e  s p o t b e a m  a n d  R b e  
th e  r a d i u s  o f  th e  s p o t b e a m ,  th e n  t h e  e q u a t i o n  c a n  b e  f u r t h e r  e x p r e s s e d  a s ,
2  vR
ho
A.. n
( 3 - 6 )
t, -f---
V +
A  t y p i c a l  L E O / M E O  s p o t b e a m  s i z e  i s  b e t w e e n  2 x l 0 5 a n d  2 x i 0 6 k m 2 [ W I N 9 8 ] .  G i v e n  th e  
m e a n  c a l l  h o l d i n g  t im e  o f  5  m in u t e s  a n d  u s e r  c a l l  a r r i v a l  r a t e  0 .5  c a l l s  p e r  h o u r ,  t h e  h a n d o v e r  
r a t e  p e r  u s e r  v e r s u s  s p o t b e a m  s i z e  i s  s h o w n  in  F i g u r e  3 - 1 .  T h e  h a n d o v e r  r a t e  v e r s u s  c a l l  
a r r i v a l  r a t e  i s  g i v e n  in  F i g u r e  3 - 2 .
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qI------- 1-------1-—--1____ I____ I____ I____ 1____ !____
0.6 0.8 1 1.2 1.4 1.6 1.8 2 2.2 2.4
Spotbeam size (km2) x 10°
F i g u r e  3 -1  H a n d o v e r  r a t e  p e r  u s e r  v e r s u s  s a t e l l i t e  s p o t b e a m .
F i g u r e  3 - 2  H a n d o v e r  r a t e  p e r  u s e r  v e r s u s  m e a n  t e r m in a l  a r r i v a l  r a t e .
L o c a t i o n  u p d a t e  ( L U )  r a t e  c a n  a l s o  b e  c a l c u l a t e d .  L o c a t i o n  u p d a t e  h a s  t w o  d i f f e r e n t  c a s e s .  
T h e  f i r s t  c a s e  i s  th e  l o c a t i o n  u p d a t e  th a t  o c c u r s  w ith in  th e  s a m e  l o c a t i o n  a r e a  s u c h  a s  p e r i o d i c  
l o c a t i o n  u p d a t e s .  T h i s  t y p e  o f  l o c a t i o n  u p d a t e  i s  c a l l e d  R e g i s t r a t i o n .  T h e  s e c o n d  c a s e  i s  
L o c a t i o n  A r e a  ( L A )  c r o s s i n g  u p d a t e s .  I f  w e  a s s u m e  F , „  i s  th e  f r a c t i o n  o f  r e g i s t r a t i o n  
a n d  F 0llt i s  th e  f r a c t i o n  o f  th e  L A  c r o s s i n g  r a t e ,  th e n  w e  h a v e
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L A  c r o s s i n g  u p d a t e s  w i l l  n o t  b e  p e r f o r m e d  w h e n  in t e r - s p o t b e a m  h a n d o v e r  o c c u r s .  It  i s  o n ly  
p e r f o r m e d  a t  th e  b o u n d a r y  w h e n  th e  u s e r  i s  n o t  in  a  c a l l .  T h e  n u m b e r  o f  L A  c r o s s i n g  l o c a t i o n  
u p d a t e s  Ph, c a n  b e  c a l c u l a t e d  a s
3.2.3 Satellite Constellation Dynamics
N e w  a d v a n c e d  s a t e l l i t e  s y s t e m  c o n s t e l l a t i o n s  e q u i p p e d  w ith  o n - b o a r d  s w i t c h i n g  a n d  
i n t e r s a t e l l i t e  l i n k s ,  p r o v i d e  a  b e t t e r  e n v i r o n m e n t  f o r  e x t e n d i n g  A T M  t e c h n o l o g y .  H o w e v e r ,  
s a t e l l i t e  c o n s t e l l a t i o n s  b r i n g  w ith  t h e m  t w o  m a j o r  p r o b l e m s .  T h e  f i r s t  i s  t h a t  l a r g e  
c o n s t e l l a t i o n s ,  e s p e c i a l l y  G E O  c o n s t e l l a t i o n s ,  h a v e  a  l o n g  p r o p a g a t i o n  d e l a y .  T h e  t y p i c a l  
r o u n d t r ip  p r o p a g a t i o n  d e l a y s  o f  d i f f e r e n t  c o n s t e l l a t i o n  t y p e s  a r e  s h o w n  in  T a b l e  3 -1  
[ N A R 9 8 ] .  T h i s  l o n g  d e l a y  c a n  s i g n i f i c a n t l y  i n c r e a s e  th e  l a t e n c y  in  th e  f e e d b a c k  m e c h a n i s m  
o f  s o m e  s i g n a l l i n g  a n d  p r o t o c o l  s y s t e m s .  S i g n a l l i n g  p r o t o c o l s ,  e s p e c i a l l y  c o n g e s t i o n  c o n t r o l  
a n d  f l o w  c o n t r o l ,  w h ic h  r e q u i r e  a  f a s t  f e e d b a c k ,  m a y  b e c o m e  in e f f i c i e n t .  T h e  o t h e r  p r o b l e m  is  
t h a t  th e  c o n t i n u o u s l y  m o v i n g  s a t e l l i t e s  o f  th e  M E O / L E O  s a t e l l i t e  c o n s t e l l a t i o n s  c o m p l i c a t e  
t h e  s y s t e m  s i g n a l l i n g  p r o t o c o l s  b y  a d d i n g  m o v i n g  s p o t b e a m s ,  d i s t a n c e - c h a n g i n g  c o n n e c t i o n s  
a n d  D o p p l e r  s h i f t s .  T h u s  f r e q u e n t  c o n n e c t i o n  h a n d o v e r s  a n d  s a t e l l i t e  h a n d o v e r s  a r e  
in e v i t a b l e .  D u e  t o  th e  s a t e l l i t e  m o v e m e n t ,  th e  t e r m in a l  h a n d o v e r  a l s o  o c c u r s  f r e q u e n t l y  e v e n  
t h o u g h  th e  m o b i l e  t e r m in a l  m a y  b e  s t a t i o n a r y .  T h e  t y p i c a l  t e r m in a l  a n d  s a t e l l i t e  h a n d o v e r  
f r e q u e n c i e s  e x p e r i e n c e d  in  L E O  a n d  M E O  s y s t e m s  a r e  s h o w n  in  T a b l e  3 - 1 .
F o r  t h o s e  s y s t e m s  th a t  r o u t e  th e  t r a f f i c  v i a  s p a c e  c o n n e c t i o n s  f o r m e d  b y  I S L s ,  th e  c h a n g i n g  
l in k  d i s t a n c e  i s  a n  a d d i t i o n a l  c o m p l i c a t i o n .  T h e  v a r i a t i o n s  o f  in t r a - p la n e  a n d  in t e r - p la n e  I S L  
l in k  d i s t a n c e  in  th e  I r id iu m  c o n s t e l l a t i o n  a r e  s h o w n  in  F i g u r e  3 - 3  [ W E R 9 7 B ] .  T h e  d y n a m ic  
I S L s  h a v e  n e g a t i v e  i m p a c t s  o n  th e  p e r f o r m a n c e  o f  th e  d a t a  l in k  t r a n s m i s s i o n .
P = M  (1 -  E )lit sp term
So the LA crossing updates per user is
P. =  ( — ( l ~ T . ) ) / Nlu K  m
2v
A
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L E O M E O G E O
A lt itu d e  (K m ) 5 0 0 - 1 5 0 0 - 1 0 0 0 0 3 5 7 8 6
R o u n d -tr ip  d e la y  (m s) 6 .6 - 2 0 - 1 3 4 5 0 0
S a te l l i te  h a n d o v e r  fre q u e n cy  (m in /h a n d o v e r) 5 -1 0 5 -1 0 -
S ta t io n a ry  te rm in a l h a n d o v e r  fre q u e n cy  
(m in /h a n d o v e r)
1-2 2 -4
T a b l e  3 -1  S y s t e m  p a r a m e t e r s  r e l a t e d  to  th e  c o n s t e l l a t i o n .
F i g u r e  3 - 3  L e n g t h  o f  in t e r - p la n e  I S L  ( I S L 9 6 )  a n d  in t e r - p la n e  I S L  ( I S L 9 4 )  d u r i n g  o n e  o r b i t
p e r io d .
3.3 Integration Issues
T h e  v a r i o u s  f a c t o r s  m e n t io n e d  in  s e c t i o n  3 . 2  p r o v i d e  r e d u c e d  p e r f o r m a n c e  b e t w e e n  t e r r e s t r i a l  
A T M  a n d  s a t e l l i t e  A T M  a n d  p o s e  a  b a r r i e r  to  t h e i r  in t e g r a t io n .  T h e s e  f a c t o r s  l e a d  to  th e  
p r o b l e m  o f  th e  Q o S  p r o v i s i o n i n g  in  th e  A T M - s a t e l l i t e  n e t w o r k s  a n d  a l s o  r a i s e s  r e q u i r e m e n t s  
t o  d e s i g n  e f f e c t i v e  s i g n a l l i n g  p r o t o c o l s  to  o v e r c o m e  t h e s e  d i f f i c u l t i e s  in  o r d e r  t o  m a in t a in  a  
c o m p a r a t i v e  Q o S  to  t h a t  o f  A T M .  T h e  m a j o r  r e q u i r e m e n t s  a p p e a r  a t  th e  r a d i o  i n t e r f a c e  o n  th e  
p a c k e t  d a t a  t r a n s p o r t a t io n ,  r e s o u r c e  m a n a g e m e n t  a n d  m o b i l i t y  m a n a g e m e n t  r e l a t e d  p r o t o c o l s .  
T h e s e  i n c l u d e  c o n s i d e r a t i o n s  o f  th e  h e a d e r  c o m p r e s s i o n ,  M u l t i p l e  A c c e s s  C o n t r o l  ( M A C ) ,  
L o g i c  L i n k  C o n t r o l  ( L L C ) ,  n e t w o r k  s e c u r i t y ,  m o b i l i t y  m a n a g e m e n t ,  c a l l  a d m i s s i o n  c o n t r o l ,  
t r a f f i c  m a n a g e m e n t  a n d  c a l l  c o n t r o l  a n d  c o n n e c t i o n  c o n t r o l .  T h e s e  i s s u e s  a r e  s h o w n  in  w i l l  b e  
i n d i v i d u a l l y  a d d r e s s e d  in  th e  f o l l o w i n g  s e c t i o n s .  T h e r e  a l s o  e x i s t  o t h e r  p h y s i c a l  l a y e r  i s s u e s ,  
w h ic h  a r e  n o t  t o  b e  d e a l t  w ith  in  t h i s  w o r k .
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F i g u r e  3 - 4  M a j o r  A T M - s a t e l l i t e  in t e g r a t io n  i s s u e s .
3.3.1 Header Compression
A s  h a s  b e e n  m e n t io n e d  b e f o r e  th e  s a t e l l i t e  c h a n n e l  i s  a n  e x p e n s i v e  r e s o u r c e  in  t e r m s  o f  
b a n d w id t h  a n d  o n e  o f  th e  i s s u e s  t o  b e  a d d r e s s e d  in  s a t e l l i t e  A T M  s y s t e m s  i s  th e  h ig h  
p e r c e n t a g e  o f  h e a d e r s  in  th e  e x t e n d e d  s a t e l l i t e  A T M  p a c k e t .  A p a r t  f r o m  1 0  p e r c e n t  h e a d e r  
o v e r h e a d  in h e r e n t  in  t h e  s m a l l - s i z e d  A T M  ( 5 / ( 5 + 4 8 ) )  c e l l s ,  e x t r a  h e a d e r  h a s  t o  b e  a d d e d  to  
p r o v i d e  e r r o r  p r o t e c t i o n  f o r  th e  p h y s i c a l  l a y e r  in f o r m a t io n .  T h e  e x t r a  s i z e  o f  th e  h e a d e r  a d d e d  
b y  l a y e r s  b e l o w  th e  A T M  l a y e r  i s  d e p e n d e n t  o n  th e  s p e c i f i c  p r o t o c o l s  u s e d .  C l e a r l y ,  h e a d e r  
c o m p r e s s i o n  t e c h n i q u e s  a r e  r e q u i r e d  t o  r e d u c e  th e  b a n d w id t h  t a k e n  b y  th e  h e a d e r  
in f o r m a t io n .
3.3.2 Multiple Access Control
M A C  p r o t o c o l s  a r e  u s e d  t o  a l l o c a t e  c o m m u n i c a t i o n  c h a n n e l s  t o  i n d e p e n d e n t ,  c o m p e t i n g  u s e r s  
b y  r e g u l a t i n g  th e  t r a n s m i s s i o n  o f  p a c k e t s .  T h e  t a s k  i s  t o  m a n a g e  th e  b a n d w id t h  r e s o u r c e  to  
a c h i e v e  a  h ig h  a c c e s s  t h r o u g h p u t  a n d  l o w  a c c e s s  d e l a y .  T h e  s e l e c t i o n  o f  a  s u i t a b l e  M A C  
t e c h n iq u e  i s  o n e  o f  th e  m a jo r  i s s u e s  in  t h e  m o b i l e  s a t e l l i t e  A T M  s y s t e m .
3.3.2.1 Multiple Access Protocols
M A C  p r o t o c o l s  c a n  b e  g r o u p e d  in to  f o u r  c l a s s e s  [ P A S 9 7 ] :  f i x e d  a s s i g n m e n t ,  r a n d o m  a c c e s s ,  
d e m a n d  a s s i g n m e n t  ( c e n t r a l ly  c o n t r o l l e d  a n d  d i s t r i b u t e d  c o n t r o l l e d ) ,  a d a p t i v e  s c h e m e s .  F i x e d  
a s s i g n m e n t  a n d  r a n d o m  a s s i g n m e n t  p r o t o c o l s  a r e  s i m p l e  a n d  r e q u i r e  m i n im a l  s c h e d u l in g .  
F i x e d - a s s i g n m e n t  t e c h n i q u e s ,  s u c h  a s  t im e  d i v i s i o n  m u l t i p l e  a c c e s s  ( T D M A )  a n d  f r e q u e n c y  
d i v i s i o n  m u l t i p l e  a c c e s s  ( F D M A ) ,  in c o r p o r a t e  p e r m a n e n t  c h a n n e l  a s s i g n m e n t s  f o r  in d i v i d u a l  
u s e r s .  T h e s e  s c h e m e s  p e r f o r m  w e l l  w h e n  e a c h  u s e r  t r a n s m i t s  a  s t e a d y  f l o w  o f  m e s s a g e s ,  
h o w e v e r ,  in  b u r s t y  t r a f f i c  a p p l i c a t i o n s ,  th e y  a r e  i n e f f i c i e n t .
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D e s p i t e  th e  d r a w b a c k  o f  r e d u c e d  c h a n n e l  t h r o u g h p u t ,  r a n d o m  a c c e s s  p r o t o c o l s  h a v e  b e c o m e  a  
f u n d a m e n t a l  p a r t  o f  m o b i l e  c o m m u n i c a t i o n  s y s t e m s .  S l o t t e d  A l o h a  i s  c o m m o n l y  u s e d  in  
c o n ju n c t i o n  w ith  o t h e r  s c h e m e  in  r e c e n t  M A C  p r o p o s a l s .  I t  p r o v i d e s  a n  e a s y  w a y  f o r  u s e r s  to  
s h a r e  th e  s y s t e m  r e s o u r c e .  In  a  r a n d o m  a c c e s s  p r o t o c o l ,  a  t r a n s m i t t in g  n o d e  a l w a y s  t r a n s m i t s  
a t  th e  f u l l  r a t e  o f  th e  c h a n n e l .  A s  it  i s  a  c o n t e n t i o n - b a s e d  p r o t o c o l ,  p a c k e t s  s e n t  t o  a  c h a n n e l  
c o u l d  e n d  u p  in  c o l l i s i o n .  R e t r a n s m i s s i o n  w ith  a  r a n d o m i s e d  b a c k l o g  d e l a y  i s  t h e r e f o r e  
r e q u i r e d  t o  r e s o l v e  th e  c o l l i s i o n  a n d  m a in t a in  th e  p a c k e t  s u c c e s s  p r o b a b i l i t y  a t  th e  n e x t  
t r a n s m i s s i o n .  T h e  r a n d o m i s e d  d e l a y  i s  u s u a l l y  c h o s e n  f r o m  a  u n i f o r m l y  d i s t r i b u t e d  t im e  
r a n g e .
T h e  p e r f o r m a n c e  o f  s l o t t e d  a l o h a  i s  c h a r a c t e r i s e d  b y  c h a n n e l  t h r o u g h p u t  S ,  d e l a y  T d a n d  
s y s t e m  s t a b i l i t y .  T h e  c h a n n e l  t h r o u g h p u t  i s  d e f i n e d  a s  th e  a v e r a g e  n u m b e r  o f  s u c c e s s f u l  
p a c k e t  t r a n s m i s s i o n s  p e r  t i m e s l o t  d u r a t io n .  T h e  m a jo r  p r o b l e m s  w ith  s l o t t e d  A L O H A  a r e  th e  
l o w  a c h i e v a b l e  t h r o u g h p u t  a n d  p o s s i b l e  i n s t a b i l i t y .  T h e  l o n g  p r o p a g a t i o n  d e l a y  a n d  c h a n n e l  
f a d i n g  e n c o u n t e r e d  in  m o b i l e  s a t e l l i t e  s y s t e m s  a r e  th e  m a jo r  f a c t o r s  in  d e g r a d i n g  i t s  
p e r f o r m a n c e .
T h e  m e t h o d s ,  S - G  a n a l y s i s ,  h a s  b e e n  u s e d  t o  a n a l y s e  s lo t t e d  A l o h a  [ T A S 8 6 ] .  G ,  t h e  t r a f f i c  
in t e n s i t y  o r  th e  t o t a l  t r a f f i c  “ o f f e r e d ”  to  th e  c h a n n e l ,  i s  d e f i n e d  a s  th e  n u m b e r  o f  p a c k e t  
t r a n s m i s s i o n s  a t t e m p t e d  p e r  p a c k e t  t im e .  S - G  a n a l y s i s  a s s u m e s  a n  i n f in i t e  u s e r  p o p u l a t i o n  a n d  
P o i s s o n  d i s t r i b u t e d  t r a f f i c  in t e n s i t y .  In  o t h e r  w o r d s ,  th e  p r o b a b i l i t y  th a t  K  p a c k e t s  a r e  
g e n e r a t e d  d u r i n g  a  g i v e n  p a c k e t  t im e  o b e y s  a  P o i s s o n  d i s t r ib u t io n  w ith  a  m e a n  o f  G  p a c k e t s ,  
th a t  i s ,
Random Access
G ke~°  p ( k ) = E —
( 3 - 7 )
T h e n  th e  t h r o u g h p u t  S  c a n  b e  e x p r e s s e d  a s  a  f u n c t io n  o f  G ,
S = G e  G S max<  1 /e  ( 3 - 8 )
I t s  p e r f o r m a n c e  in  c o m p a r i s o n  w ith  p u r e  A l o h a  i s  p lo t t e d  in  F i g u r e  3 - 5 .  T h e  t h r o u g h p u t  f o r  
s l o t t e d  A l o h a  p e a k s  a t  G  =  1 .0 , w h e r e  S  =  1 /e . It i s  d o u b l e  th a t  o f  p u r e  A L O H A .  It i s  w o r th  
n o t in g  th a t  a t  th e  p o in t  o f  p e a k  t h r o u g h p u t ,  3 7 %  o f  th e  s l o t s  c a r r y  s u c c e s s f u l l y  t r a n s m i t t e d  
p a c k e t s  w h i l s t  th e  s a m e  p e r c e n t a g e  o f  s l o t s  a r e  e m p t y ,  t h e r e f o r e  a b o u t  2 6 %  a r e  in  c o l l i s i o n
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[ P A H 9 5 ] ,  I f  th e  n e t w o r k  o p e r a t e s  a t  h ig h e r  t r a f f i c  l o a d s ,  th e  n u m b e r s  o f  e m p t y  a n d  s u c c e s s f u l  
s l o t s  b o t h  d e c r e a s e  s h a r p l y  a n d  th e  n u m b e r  o f  c o l l i s i o n s  i n c r e a s e s  r a p id l y .
Offered channel traffic, Q
F i g u r e  3 - 5  P e r f o r m a n c e  c o m p a r i s o n  b e t w e e n  s l o t t e d  A l o h a  a n d  p u r e  A l o h a  [ P A H 9 5 ] .
F r o m  F i g u r e  3 - 5 ,  w e  c a n  s e e  t h a t  in  r e s p o n s e  t o  th e  t r a f f i c  i n c r e a s e  b e y o n d  t h e  p o i n t  o f  G = l ,  
th e  t h r o u g h p u t  S  w i l l  d e c r e a s e .  T h i s  r e d u c t io n  in  t h r o u g h p u t  m e a n s  t h a t  t h e r e  a r e  f e w e r  
s u c c e s s f u l  p a c k e t  t r a n s m i s s i o n s  a n d  m o r e  c o l l i s i o n s .  T h i s  in  tu rn  m e a n s  t h a t  th e  n u m b e r  o f  
r e t r a n s m i s s i o n s  g r o w s ,  f u r t h e r  i n c r e a s i n g  b o th  th e  b a c k l o g  o f  m e s s a g e s  to  b e  t r a n s m i t t e d  a n d  
th e  t r a f f i c  l o a d  G ,  c o n s e q u e n t l y  d e c r e a s i n g  th e  t h r o u g h p u t  S .  T h u s  t h e r e  i s  l i k e l i h o o d  o f  a n  
u n d e s i r a b l e  s c e n a r i o  th a t  th e  o p e r a t i n g  p o i n t  k e e p s  m o v i n g  to  th e  r i g h t  a n d  th e  t h r o u g h p u t  
e v e n t u a l l y  g o e s  t o w a r d s  z e r o .  T h i s  i s  r e f e r r e d  to  a s  c h a n n e l  s a t u r a t i o n  a n d  t h e  s y s t e m  
o p e r a t i o n  w i l l  th e n  b e  in  a n  u n s t a b l e  c o n d i t i o n .
S l o t t e d  A l o h a  c a n n o t  b e  c o n s i d e r e d  a  v e r y  e f f i c i e n t  s c h e m e  d u e  to  i t s  l o w  t h r o u g h p u t .  
H o w e v e r ,  i t s  t h r o u g h p u t  c a n  b e  s l i g h t l y  i m p r o v e d  in  th e  p r e s e n c e  o f  s i g n a l  c a p t u r e  e f f e c t s .  In  
th e  c o n v e n t io n a l  a n a l y s i s  o f  s l o t t e d  A l o h a ,  it  i s  a s s u m e d  th a t  a l l  c o l l i d e d  p a c k e t s  a r e  
d e s t r o y e d  in  e a c h  c o l l i s i o n .  B u t  in  th e  a n a l y s i s  w h e r e  th e  p r e s e n c e  o f  s i g n a l  c a p t u r e  i s  
c o n s i d e r e d ,  s o m e  o f  th e  p a c k e t s  i n v o l v e d  in  a  c o l l i s i o n  w i l l  s u r v i v e .  In  a n  i d e a l  s i t u a t i o n ,  o n e  
p a c k e t  s u r v i v e s  a l l  c o l l i s i o n s  w ith  a n y  k i n t e r f e r in g  p a c k e t s .  T h i s  c a s e  i s  r e f e r r e d  to  a s  P e r f e c t  
C a p t u r e .  I t  o f f e r s  a n  u p p e r  b o u n d  o n  t h e  t h r o u g h p u t  o f  s lo t t e d  A l o h a  w ith  c a p t u r e ,  g i v e n  b y  
[ P A H 9 5 ]
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H o w e v e r ,  p r a c t i c a l  c a p t u r e  p r o b a b i l i t y  i s  l e s s  a n d  i s  a  f u n c t io n  o f  m o d u l a t i o n  a n d  c o d i n g ,  
d i s t r i b u t i o n  o f  u s e r  t e r m i n a l s ,  p a c k e t  le n g t h  a n d  s i g n a l - t o - n o i s e  ( S N R )  p o w e r  r a t io .
T h e  a v e r a g e  a c c e s s  d e l a y  c a n  a l s o  b e  c a l c u l a t e d .  I f  w e  d e f i n e  T p a s  d e l a y  f r o m  th e  t r a n s m i t t e r  
to  th e  r e c e iv e r ,  T s  d u r a t io n  o f  th e  s l o t ,  k  r a t i o  o f  r a n d o m i s a t i o n  d e l a y  to  T s ,  th e n  a v e r a g e  
p a c k e t  d e l a y  in  a n  e r r o r - f r e e  s a t e l l i t e  c h a n n e l  c a n  b e  e x p r e s s e d  a s  [ H A 9 0 ] :
W h e n  th e  c h a n n e l  f a d i n g  i s  e n c o u n t e r e d ,  t h e  p e r f o r m a n c e  e x p e r i e n c e d  b y  t h e  s l o t t e d  A l o h a  
d e c r e a s e s  c o n s i d e r a b l y .  F i g u r e  3 - 6  t o  F i g u r e  3 - 9  r e v e a l  i t s  p e r f o r m a n c e s  o n  a  s a t e l l i t e  c h a n n e l  
s u f f e r i n g  f r o m  f a d i n g .  N o  c a p t u r e  e f f e c t  i s  a s s u m e d .  T h e  p a r a m e t e r s  u s e d  a r e  g i v e n  a s ,
•  S a t e l l i t e  p r o p a g a t i o n  d e l a y  f r o m  t r a n s m i t t e r  to  r e c e iv e r :  2 5 0  m s .
•  M e a n  p a c k e t  a r r i v a l  r a t e :  1 1 3 ,2  p a c k e t s / s .
•  T i m e s l o t  d u r a t io n :  0 . 0 0 2 6 5 s
® G u a r d  t im e  p e r i o d :  1 .3 2 5 E - 4 s .
® B a c k l o g  t i m e s l o t s :  5
•  P a c k e t  le n g t h :  6 4 0 b i t s
•  R e t r a n s m i s s i o n  t im e r :  0 . 2 7 s .
I t  c a n  b e  s e e n  th a t  th e  a c c e s s  d e l a y  a n d  c h a n n e l  t h r o u g h p u t  a r e  s e r i o u s l y  a f f e c t e d  b y  th e  
c h a n n e l  c o n d i t i o n .  W h e n  a  h ig h  p a c k e t  e r r o r  r a t e  i s  e n c o u n t e r e d ,  a l l  th e  a c t i v e  u s e r s  th a t  
a c c e s s  th e  n e t w o r k  w i l l  e x p e r i e n c e  a  h ig h  c a l l  b l o c k i n g  p r o b a b i l i t y .  T h e  lo w  c h a n n e l  
t h r o u g h p u t  c a n  b l o c k  th e  n o r m a l  s y s t e m  o p e r a t io n  a n d  a f f e c t  th e  s y s t e m  s t a b i l i t y .  T h e  m e a n  
a c c e s s  d e l a y  s h o w n  in  F i g u r e  3 - 7  f a l l s  in t o  t h e  r a n g e  b e t w e e n  3 5 0 m s  t o  8 0 0 m s .  S u c h  
p e r f o r m a n c e  i s  v e r y  p o o r  f o r  r e a l  t im e  s e r v i c e s .  T h i s  i n d i c a t e s  th a t  th e  s l o t t e d  A l o h a  r a n d o m  
a c c e s s  c a n n o t  b e  d i r e c t l y  a d o p t e d  in to  a n  A T M - s a t e l l i t e  s y s t e m .  N o t e  th a t  F i g u r e  3 - 6  a n d  
F i g u r e  3 - 7  g i v e  r e s u l t s  f o r  a  s y s t e m  l o a d  o f  0 .3 .  T h e  p e r f o r m a n c e  b e c o m e s  w o r s e  w h e n  th e  
c h a n n e l  l o a d  i s  in c r e a s e d .  In  th e  c a s e  th a t  t h e  c h a n n e l  i s  h e a v i ly  l o a d e d ,  t h e  n e t w o r k  h a s  to  
m o n i t o r  th e  c h a n n e l  c o n d i t io n  a n d  r e tu r n  t h e  f e e d  b a c k  i n f o r m a t io n  o r  c o n t r o l  c o m m a n d  to  
t h e  t e r m i n a l s  t o  r e c o v e r  f r o m  a n y  f u r t h e r  s y s t e m  p e r f o r m a n c e  d e g r a d a t io n .
I n c r e a s i n g  th e  n u m b e r  o f  r e t r a n s m i t  t i m e s  f o r  a  c o l l i d e d  p a c k e t  o r  a  l o s t  p a c k e t  i s  o n e  w a y  to  
im p r o v e  t h e  p a c k e t  s u c c e s s .  H o w e v e r ,  it  h a s  b e e n  d e m o n s t r a t e d  th a t  t h i s  m e t h o d  i s  n o t  v e r y  
e f f e c t i v e  in  th e  p r e s e n c e  o f  c h a n n e l  f a d i n g  b e c a u s e  th e  i n c r e a s e d  r e p e a t s  o f  th e  l o s t  o r  
c o l l i d e d  p a c k e t  a l s o  a d d  m o r e  t r a f f i c  l o a d  o n t o  th e  c h a n n e l .
, U  + 2) „
+   o-------- 1 .V2
( 3 - 1 0 )
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F i g u r e  3 - 6  T h r o u g h p u t  p e r f o r m a n c e  o f  s l o t t e d  A l o h a  in  th e  p r e s e n c e  o f  c h a n n e l  f a d i n g  w ith  
r e f e r e n c e  t o  th e  m a x i m u m  a l l o w e d  p a c k e t  r e p e a t  t im e s .
F i g u r e  3 - 7  D e l a y  p e r f o r m a n c e  o f  s l o t t e d  A l o h a  in  th e  p r e s e n c e  o f  c h a n n e l  f a d i n g  w ith  
r e f e r e n c e  t o  th e  m a x i m u m  a l l o w e d  p a c k e t  r e p e a t  t i m e s .
A  c o l l i d e d  p a c k e t  m u s t  b e  r e t r a n s m i t t e d .  B u t  b e f o r e  it  i s  r e t r a n s m i t t e d  a g a i n ,  a  r a n d o m  d e l a y ,  
u s u a l l y  c a l l e d  b a c k l o g  d e l a y ,  i s  a p p l i e d  t o  r e d u c e  th e  p o s s i b i l i t y  o f  a  s e c o n d  c o l l i s i o n .  T h i s  
d e l a y  i s  u s u a l l y  c h o s e n  in  t e r m s  o f  n u m b e r  o f  t i m e s l o t s ,  th a t  i s ,  th e  t e r m in a l  c h o o s e s  to  w a i t  a  
r a n d o m  n u m b e r  o f  t i m e s l o t s .  T h e  r a n d o m  n u m b e r  i s  c h o s e n  f r o m  a  p r e - d e f i n e d  r a n g e  a n d  th e  
c h o s e n  n u m b e r  o f  t i m e s l o t s  i s  c a l l e d  b a c k l o g  t i m e s l o t s .
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W it h o u t  th e  p r e s e n c e  o f  c h a n n e l  f a d i n g ,  th e  p a r a m e t e r  o f  b a c k l o g  t i m e s l o t  h a s  a  c l e a r  
i n f l u e n c e  o n  th e  a c c e s s  t h r o u g h p u t .  H o w e v e r ,  w h e n  th e  c h a n n e l  f a d i n g  i s  in v o l v e d ,  th e  
i n f l u e n c e  o f  th e  b a c k l o g  d e l a y  b e c o m e s  i n s i g n i f i c a n t .  T h i s  c a n  b e  s e e n  f o r m  F i g u r e  3 - 8 .  T h e  
p a r a m e t e r  o f  b a c k l o g  t i m e s l o t s  h a s  l e s s  i m p a c t  o n  th e  a c c e s s  d e l a y  c o m p a r e d  t o  th e  i m p a c t  o n  
th e  t h r o u g h p u t .  A s  s h o w n  in  th e  F i g u r e  3 - 9 ,  th e  c h o s e n  b a c k l o g  t i m e s l o t s  in  th e  s i m u l a t i o n  a r e  
3 ,  5  a n d  7 .  T h e s e  s m a l l  v a l u e s  o f  b a c k l o g  t i m e s l o t s  m a k e  n o  m u c h  d i f f e r e n c e  o n  th e  a c c e s s  
d e l a y  p e r f o r m a n c e  in  b o t h  g o o d  a n d  b a d  c h a n n e l  c o n d i t i o n s .
F r o m  th e  e v a l u a t i o n  r e s u l t s ,  w e  c a n  d e r i v e  th e  f o l l o w i n g  c o n c l u s i o n s .  F i r s t l y ,  th e  c h a n n e l  
f a d i n g  i s  a  m a j o r  f a c t o r  th a t  s e r i o u s l y  a f f e c t s  th e  a c c e s s  p e r f o r m a n c e  w h e n  th e  b i t  e r r o r  r a t e  i s  
b e y o n d  1 .0 E - 4  ( c h a n n e l  c o d i n g  i s  n o t  c o n s i d e r e d  h e r e ) .  S e c o n d l y ,  th e  s y s t e m  p e r f o r m a n c e  
a n d  s t a b i l i t y  r e ly  g r e a t l y  o n  th e  in p u t  t r a f f i c  l o a d .  A c c e s s  l o a d  c o n t r o l  i s  n e c e s s a r y  to  p r e v e n t  
th e  c h a n n e l  f r o m  in s t a b i l i t y .  T h i r d l y ,  th e  r a n d o m  a c c e s s  a l o n e  i s  n o t  s u i t a b l e  f o r  s a t e l l i t e  
s y s t e m s  w ith  l o n g  p r o p a g a t i o n  d e l a y s .
C l e a r l y ,  s l o t t e d  A l o h a  c a n n o t  o f f e r  h ig h  c h a n n e l  e f f i c i e n c y  f o r  s a t e l l i t e  s y s t e m s ,  o r  s h o r t  
a c c e s s  d e l a y s  f o r  th e  d e l a y - c o n s t r a in e d  r e a l - t im e  s e r v i c e s .  T h e  d e p l o y m e n t  o f  s u c h  a  p r o t o c o l  
o n  s a t e l l i t e  h a s  t h u s  to  b e  m a d e  w ith  c a r e .  T h e r e f o r e ,  th e  s lo t t e d  A l o h a  a c c e s s  s c h e m e  i s  
u s u a l l y  u s e d  in  c o n ju n c t i o n  w ith  o t h e r  s c h e m e s .
F i g u r e  3 - 8  T h r o u g h p u t  p e r f o r m a n c e  o f  s l o t t e d  A l o h a  in  th e  p r e s e n c e  o f  c h a n n e l  f a d i n g  w ith
r e f e r e n c e  to  th e  b a c k l o g  t i m e s l o t s .
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F i g u r e  3 - 9  D e l a y  p e r f o r m a n c e  o f  s l o t t e d  A l o h a  in  t h e  p r e s e n c e  o f  c h a n n e l  f a d i n g  w ith
r e f e r e n c e  to  th e  b a c k l o g  t i m e s l o t s .
D e m a n d  A s s ig n m e n t
D e m a n d  a s s i g n m e n t  t e c h n i q u e s  a r e  u s u a l l y  c o m p l e x  b u t  a c h i e v e  h ig h e r  b a n d w id t h  u t i l i s a t i o n  
a n d  p e r f o r m  w e l l  u n d e r  h ig h  l o a d s .  D e m a n d  a s s i g n m e n t  i n v o l v e s  t w o  s t a g e s :  a  r e s e r v a t i o n  
s t a g e  f o l l o w e d  b y  a n  a s s i g n m e n t  s t a g e .  C o n t r o l  o f  th e  r e s e r v a t io n  a n d  t r a n s m i s s i o n  s t a g e s  c a n  
b e  e i t h e r  c e n t r a l i s e d  o r  d i s t r i b u t e d .  W it h  d i s t r i b u t e d  c o n t r o l ,  u s e r s  d e t e r m in e  t h e i r  a c t i o n s  b u t  
b a s e  t h e i r  a c t i o n s  o n  th e  b r o a d c a s t  i n f o r m a t io n .  W ith  c e n t r a l i s e d  c o n t r o l ,  u s e r s  s u b m i t  t h e i r  
r e q u e s t s  t o  a  c e n t r a l i s e d  c o n t r o l  f u n c t i o n  a n d  b a s e  t h e i r  a c t i o n s  o n  th e  n e t w o r k  in s t r u c t io n s .  
M a n y  r e c e n t  d e m a n d  a s s i g n m e n t  p r o p o s a l s  a r e  b a s e d  o n  d e m a n d  a s s i g n m e n t  m u l t i p l e  a c c e s s  
( D A M A )  p r o p o s e d  b y  Z e in  et al [ Z E I 9 2 ] ,  s u c h  a s  A S C A  ( a d a p t i v e  s a t e l l i t e - c h a n n e l  
a s s i g n m e n t )  r e s e r v a t i o n  p r o t o c o l  p r o p o s e d  b y  S a g a w a  a n d  O k a d a  [ S A G 9 5 ] ,  M B / R - D A M A  
( M o v a b l e  B o u n d a r y / R a n d o m - D A M A )  p r o p o s e d  b y  B o h m  et al a n d  C F D A M A  ( C o m b i n e d  
F r e e / D e m a n d  A s s i g n m e n t  M u l t i p l e  A c c e s s )  p r o p o s e d  b y  L e - N g o c  a n d  M o h a m m e d  [ L E N 9 3 ] .
A d a p tiv e  Schem es
A d a p t i v e  s c h e m e s  a r e  d e s i g n e d  t o  h a n d le  s i t u a t i o n s  i n v o l v i n g  a  c o m b i n a t i o n  o f  t r a f f i c  t y p e s  
o r  a  t i m e - v a r y in g  m ix t u r e .  T o  a c c o m m o d a t e  a  c o m b i n a t i o n  o f  t r a f f i c  t y p e s ,  c h a n n e l s  c a n  b e  
p a r t i t i o n e d  in to  s e v e r a l  s e c t i o n s ,  e a c h  o p e r a t i n g  u n d e r  i t s  o w n  p r o t o c o l .  A d a p t i v e  p r o t o c o l s  
c a n  p r o v i d e  g o o d  p e r f o r m a n c e  o v e r  a  w i d e  r a n g e  o f  c o n d i t i o n s .  T h e  a c c e s s  s c h e m e  a d a p t s  
i t s e l f  s m o o t h l y  t o  n e t w o r k  lo a d  f l u c t u a t i o n s .
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3.3.2.2 MAC schemes for ATM-satellite
E x i s t i n g  s a t e l l i t e  m u l t ip le  a c c e s s  a n d  b a n d w id t h  a l l o c a t i o n  t e c h n iq u e s  a r e  g e n e r a l l y  o r i e n t e d  
t o w a r d s  s p e c i f i c  a p p l i c a t i o n  o r  t r a f f i c  t y p e .  T h e y  c a n n o t  e f f i c i e n t l y  h a n d le  a  l a r g e  n u m b e r  o f  
t e l e c o m m u n i c a t i o n  s e r v i c e s  w ith  d i f f e r e n t  t r a f f i c  c h a r a c t e r i s t i c s  [ Z E I 9 2 ] .  T o  e x t e n d  A T M  t o  
s a t e l l i t e  s y s t e m s ,  a  n e w  M A C  p r o t o c o l  h a s  t o  b e  d e v e l o p e d  to  e x p a n d  s t a t i s t i c a l  m u l t i p l e x in g  
f r o m  f i x e d  n e t w o r k  t o  s a t e l l i t e  a i r  i n t e r f a c e s .  T h e  d e s i r e d  M A C  p r o t o c o l  m u s t  b e  a b l e  to  
s a t i s f a c t o r i l y  h a n d le  th e  d i f f e r e n t  A T M  s e r v i c e s  ( C B R ,  V B R ,  A B R  a n d  U B R )  w ith  t h e ir  
r a d i c a l l y  d i f f e r e n t  s o u r c e  c h a r a c t e r i s t i c s  a n d  Q o S  r e q u i r e m e n t s .  A d d i t i o n a l l y ,  th e  p r o t o c o l  
m u s t  b e  f l e x i b l e  e n o u g h  t o  a l l o w  th e  m a x i m u m  n u m b e r  o f  u s e r s  to  a c c e s s  th e  s a t e l l i t e  
c h a n n e l s  s i m u l t a n e o u s l y ,  a n d  r o b u s t  e n o u g h  t o  c o p e  w ith  th e  b u r s t - e r r o r s  c a u s e d  b y  th e  
m o b i l e  s a t e l l i t e  e n v ir o n m e n t ,  l o n g  p r o p a g a t i o n  d e l a y s  a n d  m u l t i - p a t h  f a d i n g  a n d  s h a d o w i n g .
In  th e  l i t e r a t u r e ,  m a n y  c o m b i n e d  a d a p t i v e  M A C  s c h e m e s  h a v e  b e e n  p r o p o s e d  to  a d d r e s s  t h i s  
p r o b l e m .  T h e  r e c e n t  M A C  p r o p o s a l s  f o r  s a t e l l i t e  s y s t e m s  f a l l  in t o  c a t e g o r i e s  o f  c e n t r a l i s e d  
a n d  c o m b i n e d  a d a p t i v e  t e c h n i q u e s .  T h e y  a t t e m p t  t o  d e s i g n  a  M A C  th a t  c a n  a d a p t s  i t s e l f  
s m o o t h l y  t o  s e r v i c e  t y p e s  a n d  n e t w o r k  l o a d  f l u c t u a t i o n s .  I t  h a s  b e e n  w id e ly  a c c e p t e d  th a t  a  
r e s e r v a t i o n - b a s e d  d e m a n d  a s s i g n m e n t  M A C  i s  a  g o o d  s o lu t io n .  T h e  p r o t o c o l  c a n  s a t i s f y  
s e r v i c e  r e q u i r e m e n t s  f o r  d i f f e r e n t  t r a f f i c  c l a s s e s  a n d  h ig h  c h a n n e l  u t i l i s a t i o n  b e c a u s e  o f  i t s  
b u i l t - in  r e s e r v a t i o n  m e c h a n i s m .
A m o n g s t  th e  p r o p o s e d  s c h e m e s ,  th e  m o s t  a t t r a c t iv e  o n e  i s  C F D A M A  ( C o m b i n e d  
F r e e / D e m a n d  A s s i g n m e n t  M u l t i p l e  A c c e s s )  p r o p o s e d  b y  L e - N g o c  a n d  M o h a m m e d  [ L E N 9 3 ] ,  
T h i s  p r o p o s a l  i s  a n  e n h a n c e d  D A M A  s c h e m e .  T h i s  s c h e m e  c a n  a c h i e v e  h ig h  u t i l i s a t i o n  w h i l s t  
d e l a y  p e r f o r m a n c e  s t i l l  r e m a i n s  c o m p e t i t i v e .  A c c o r d i n g  t o  t h i s  s c h e m e ,  t h e  s c h e d u l e r  f i r s t  
a l l o c a t e s  th e  c h a n n e l s  o n  th e  b a s i s  o f  r e s e r v a t i o n  r e q u e s t s  p e n d i n g  in  th e  q u e u e .  In  th e  
a b s e n c e  o f  s u c h  a  r e q u e s t ,  it  f r e e l y  a s s i g n s  th e  r e m a i n i n g  c h a n n e l s  to  th e  t e r m i n a l s .  T h e r e  a r e  
t h r e e  s t r a t e g i e s  f o r  a  t e r m in a l  t o  s e n d  i t s  r e q u e s t ,  f i x e d  a s s i g n e d  ( F A ) ,  r a n d o m  a c c e s s  ( R A )  
a n d  p i g g y b a c k  ( P B ) .  T h e  C F D A M A  p r o t o c o l  t h e r e f o r e  i s  f u r t h e r  d i v i d e d  in t o  C F D A M A - F A ,  
C F D A M A - R A  a n d  C F D A M A - P B .  A  c o m b i n e d  C F D A M A - R A  w ith  C F D A M A - P B  c o u l d  b e  
s e l e c t e d  a s  a  p r o m i s i n g  c a n d id a t e  f o r  th e  a c c e s s  s c h e m e  f o r  s i g n a l l i n g  t r a f f i c .
3.3.3 Logic Link Control
R e l a t i v e l y  l o w  t r a n s m i s s i o n  s p e e d  a n d  h ig h  b i t  e r r o r  r a t e  a r e  th e  m a in  d i s a d v a n t a g e s  o f  
s a t e l l i t e  l in k s .  A l t h o u g h  th e  e n d - t o - e n d  e r r o r  c o n t r o l  i s  p e r f o r m e d  b y  th e  A T M - A d a p t a t i o n  
L a y e r  ( A A L ) ,  th e y  a r e  u n a b l e  t o  a c h i e v e  th e  r e q u i r e d  e r r o r  p e r f o r m a n c e  in  A T M - s a t e l l i t e  
s y s t e m s  a n d  m a y  in c u r  s e r i o u s  c e l l  d i s c a r d i n g  in  A T M  la y e r .  T h e r e f o r e  th e  L o g i c  L i n k
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C o n t r o l  ( L L C )  s c h e m e  i s  e x p e c t e d  t o  p e r f o r m  e r r o r  c o n t r o l  o n  th e  r a d i o  l in k ,  e x p e c t e d l y  w ith  
m in im a l  c e l l  t r a n s f e r  d e l a y  a n d  d e l a y  v a r i a t i o n ,  t o  e n h a n c e  th e  e r r o r  c o n t r o l  p e r f o r m e d  b y  th e  
H e a d  E r r o r  C o n t r o l  ( H E C )  a n d  A A L  l a y e r s .  T h i s  i s  t o  e n s u r e  th a t  s e r i o u s  c e l l  d i s c a r d i n g  o n  
th e  A T M  l a y e r  c a n  b e  a v o i d e d .
T h e  m a j o r  t a s k  o f  L L C  i s  to  a c h i e v e  a  r e l i a b l e  a n d  h ig h  t h r o u g h p u t  t r a n s m i s s i o n  o n  th e  
s a t e l l i t e  c h a n n e l  w h i l s t  m a i n t a i n i n g  th e  u s e r  r e q u i r e d  Q o S ,  s u c h  a s  c e l l  l o s s  r a t e  a n d  c e l l  
t r a n s f e r  d e l a y .  T h i s  r e q u i r e s  th a t  th e  n e w  L L C  p r o t o c o l  t o  h a v e  a  s t r o n g  e r r o r  c o n t r o l  p o w e r  
a n d  a d a p t a b i l i t y  t o  d i f f e r e n t  A T M  s e r v i c e  t y p e s .  A  k e y  s t e p  t o w a r d s  a c h i e v i n g  t h i s  l i e s  in  th e  
i m p r o v e m e n t  o f  th e  e r r o r  c o n t r o l  f u n c t io n  t o  b e  r e a l i s e d  b y  F o r w a r d  E r r o r  C o n t r o l  ( F E C )  
c o d i n g  a n d  A u t o m a t i c - R e p e a t - R e q u e s t  ( A R Q )  e r r o r  c o n t r o l  f u n c t i o n s .  T h i s  i s  b e c a u s e  th e  
p e r f o r m a n c e  o f  t h e s e  e r r o r  c o n t r o l  f u n c t i o n s  i s  p r o n e  t o  c h a n n e l  i n t e r f e r e n c e  r e s u l t i n g  in  p o o r  
l in k  e f f i c i e n c y  a n d  c h a n n e l  t h r o u g h p u t  o n  th e  m o b i l e  r a d i o  l in k s .  M o r e o v e r ,  th e  m o b i l i t y  o f  
L E O  c o n s t e l l a t i o n s  a l s o  c a u s e s  a  s i g n i f i c a n t  d e g r a d a t io n  in  th e  p e r f o r m a n c e  o f  A R Q  d u e  to  
t h e  d i s t a n c e - c h a n g i n g  c o n n e c t io n  r o u t e d  v i a  I S L s  a n d  f r e q u e n t  s a t e l l i t e  h a n d o v e r s  [ W A R 9 4 ] .
T h e r e  i s  n o  d o u b t  th a t  a  c o m b i n e d  F E C / A R Q  s c h e m e  i s  a  g o o d  e r r o r  c o n t r o l  o p t i o n  f o r  th e  
f u t u r e  A T M - s a t e l l i t e  s y s t e m  [ C A I 9 7 ] ,  H o w e v e r ,  a s  f a r  a s  th e  A T M  la y e r  Q o S  i s  c o n c e r n e d ,  
A R Q  i s  th e  m a jo r  f a c t o r  th a t  d e t e r m i n e s  t h e  Q o S  p a r a m e t e r  o f  C e l l  L o s s  r a t e ,  C e l l  T r a n s f e r  
D e l a y  a n d  C e l l  D e l a y  V a r i a t i o n .  In  t h i s  w o r k ,  w e  w i l l  c o n c e n t r a t e  o n  t h e  i n v e s t i g a t i o n  o f  th e  
A R Q  p r o t o c o l  s c h e m e  f o r  A T M  v i a  s a t e l l i t e .  A  d i s c u s s i o n  o f  th e  A R Q  p r o t o c o l ,  f o c u s e d  o n  a  
s e l e c t i v e  r e p e a t  A R Q  p r o t o c o l ,  i s  t h e r e f o r e  p a r t i c u l a r l y  r e le v a n t  a n d  i s  th e  s u b j e c t  o f  th e  
f o l l o w i n g  s e c t i o n .
3.3.3.1 ARQ Protocol
A R Q  a i m s  to  p r o v i d e  th e  e r r o r  r e c o v e r y  f u n c t io n  to  s a t i s f y  th e  r e l i a b i l i t y  r e q u i r e m e n t s  o f  n o  
p a c k e t  l o s s ,  n o  d u p l i c a t i o n  a n d  f i r s t - in - f i r s t - o u t  a t  th e  d a t a  l in k  a n d  n e t w o r k  l e v e l .  A  r e l i a b l e  
a n d  r o b u s t  p r o t o c o l  w ith  r e a s o n a b l e  t h r o u g h p u t  e f f i c i e n c y  a n d  m o d e s t  b u f f e r  r e q u i r e m e n t  is  
th e  c o m m o n  g o a l  o f  d e s i g n i n g  A R Q  p r o t o c o l  d e s i g n .
A R Q  i s  r e a l i s e d  b y  p a c k e t  r e t r a n s m i s s i o n .  T h e  t h r e e  b a s i c  c o m p o n e n t s  o f  A R Q  a r e :  ( 1 )  
e r r o n e o u s  a n d  l o s s  p a c k e t  d e t e c t i o n ,  ( 2 )  i n f o r m i n g  s e n d e r s  o f  e r r o n e o u s  a n d  l o s t  p a c k e t s ,  ( 3 )  
r e t r a n s m i s s i o n  o f  e r r o n e o u s  a n d  l o s s  p a c k e t s .  D e t e c t i o n  o f  th e  e r r o n e o u s  a n d  l o s s  p a c k e t s  i s  
p e r f o r m e d  b y  c h e c k i n g  th e  o r d e r  o f  s e q u e n c e  n u m b e r  o f  th e  r e c e iv e d  p a c k e t s .  I n f o r m i n g  
s e n d e r s  o f  m i s s i n g  o r  e r r o n e o u s  p a c k e t s  i s  p e r f o r m e d  b y  s e n d i n g  p o s i t i v e  a c k n o w l e d g e m e n t s  
f o r  t h e  c o r r e c t l y  r e c e iv e d  p a c k e t s  o r  n e g a t i v e  r e j e c t s  f o r  th e  m i s s i n g  o r  e r r o n e o u s  p a c k e t s .
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In  a c c o r d a n c e  w ith  d i f f e r e n t  m e t h o d s  o f  p a c k e t  r e t r a n s m i s s i o n ,  A R Q  s p l i t s  in to  t h r e e  
c a t e g o r i e s :  S t o p  a n d  W a i t  ( S A W ) ,  G o - B a c k - N  ( G B N )  a n d  S e l e c t i v e - R e p e a t  ( S R ) .  T h e  S A W  
p r o t o c o l  r e p r e s e n t s  th e  s i m p l e s t  A R Q  p r o c e d u r e  a n d  w a s  im p le m e n t e d  in  e a r l y  e r r o r - c o n t r o l  
s y s t e m s .  T h i s  s c h e m e  i s  s i m p l e  b u t  in h e r e n t ly  i n e f f i c i e n t  b e c a u s e  o f  th e  i d le  t im e  s p e n t  
w a i t i n g  f o r  a n  a c k n o w l e d g e m e n t  o f  e a c h  t r a n s m i t t e d  p a c k e t .  T h e  b a s i c  G B N  A R Q  s c h e m e  i s ;  
w h e n e v e r  a  r e c e iv e d  p a c k e t  i s  d e t e c t e d  in  e r r o r ,  th e  r e c e iv e r  a l s o  r e j e c t s  th e  n e x t  N -1  r e c e iv e d  
p a c k e t s ,  e v e n  t h o u g h  m a n y  o f  t h e m  m a y  b e  e r r o r  f r e e .  T h e  r e t r a n s m i s s i o n  o f  m a n y  e r r o r - f r e e  
p a c k e t s  m a k e s  th e  G B N  q u i t e  i n e f f e c t i v e  f o r  s a t e l l i t e  s y s t e m s  w ith  l a r g e  r o u n d - t r ip  d e l a y s  a n d  
e x p e n s i v e  b a n d w id t h .
T h e  S R  A R Q  p r o t o c o l  i s  o p e r a t e d  in  s u c h  a  w a y  th a t  o n ly  th e  e r r o n e o u s  a n d  l o s t  p a c k e t s  a r e  
r e t r a n s m i t t e d .  T h e  t r a n s m i t t e r  k e e p s  t h e  n e w ly  a r r i v e d  p a c k e t s  in  a  b u f f e r  b e f o r e  th e y  a r e  
t r a n s m i t t e d ,  a n d  r e m o v e s  t h e m  w h e n  th e  r e c e iv e r  c o r r e c t ly  r e c e i v e s  th e m . T h e  r e c e iv e r  
a c k n o w l e d g e s  r e c e p t io n  o f  th e  p a c k e t  b y  a n  a c k n o w l e d g e m e n t  f e e d b a c k  m e s s a g e  i f  th e  p a c k e t  
i s  c o r r e c t l y  r e c e iv e d .  In  th e  a b s e n c e  o f  t h e  f e e d b a c k ,  t h e  p a c k e t  w i l l  b e  r e t r a n s m i t t e d  
i m m e d i a t e l y  w h e n  th e  e n d - t o - e n d  t im e r  e x p i r e s .  P a c k e t s  r e c e iv e d  o u t  o f  s e q u e n c e  a t  th e  
r e c e iv e r  h a v e  t o  b e  r e - s e q u e n c e d  t o  m a k e  s u r e  t h a t  p a c k e t s  p a s s e d  to  th e  u p p e r  l a y e r  a r e  in  
o r d e r .  T h u s ,  s u f f i c i e n t  b u f f e r  c a p a c i t y  i s  r e q u i r e d  s i n c e  o n e  e r r o n e o u s  p a c k e t  c a i i  c a u s e  
s u c c e s s i v e  p a c k e t s  t o  r e m a in  in  th e  b u f f e r .
L o g i c  l in k  p r o t o c o l  p e r f o r m a n c e s  a r e  c h a r a c t e r i s e d  b y  p a c k e t  t r a n s f e r  d e l a y  a n d  t h r o u g h p u t  
e f f i c i e n c y .  T h e  p a c k e t  t r a n s f e r  d e l a y  b e t w e e n  t w o  p o i n t s  in  th e  n e t w o r k  i s  d e f i n e d  a s  th e  
e l a p s e d  t im e  f r o m  w h ic h  th e  f i r s t  b i t  o f  a  p a c k e t  l e a v e s  t h e  s o u r c e  p o in t  t o  t h e  t i m e  th e  l a s t  b i t  
a r r i v e s  a t  th e  d e s t i n a t i o n  p o in t .  T h r o u g h p u t  e f f i c i e n c y  TJ i s  d e f i n e d  a s  th e  a v e r a g e  f r a c t io n  o f  
t im e  t h a t  th e  p r o t o c o l  u s e s  t o  t r a n s m i t  n e w  p a c k e t s .  D u r i n g  th e  r e s t  o f  th e  t i m e ,  th e  p r o t o c o l  
w a i t s  f o r  A C K s  o r  f o r  t im e o u t ,  o r  r e t r a n s m i t s  c o p i e s  o f  o l d  p a c k e t s .  T w o  a s p e c t s  s e r i o u s l y  
a f f e c t  A R Q  p e r f o r m a n c e ,  c h a n n e l  f a d i n g  c o n d i t i o n  a n d  r e c e iv e r  m e m o r y  c a p a c i t y .
R e s e a r c h  h a s  s h o w n  th a t  a m o n g s t  t h e s e  t h r e e  A R Q  p r o t o c o l s ,  S R  o f f e r s  s i g n i f i c a n t  b e n e f i t s  
f o r  l o n g  d i s t a n c e  c o n n e c t i o n s  in  t e r m s  o f  h ig h  l in k  e f f i c i e n c y  u n d e r  th e  c o n d i t i o n  o f  in f in i t e  
b u f f e r  a t  th e  r e c e iv e r  [ L I N 8 4 ] ,  B u t  t h i s  h ig h  l in k  e f f i c i e n c y  i s  a c h i e v e d  a t  th e  e x p e n s e  o f  
e x t e n s i v e  b u f f e r i n g  r e q u i r e m e n t s  a n d  m u c h  c o m p l e x  l o g i c  a t  b o th  t r a n s m i t t e r  a n d  r e c e iv e r .  
H o w e v e r ,  S R  A R Q  c a n  s t i l l  o u t p e r f o r m  th e  o t h e r  t w o  s c h e m e s  in  th e  f in i t e  b u f f e r  c a s e  
p r o v i d e d  th a t  th e  b u f f e r  o v e r f l o w  i s  p r o p e r l y  h a n d le d .  T r a n s m i s s i o n  w i n d o w  c o n t r o l  i s  a  
c o m m o n l y  u s e d  c o n t r o l  m e t h o d .
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F i g u r e  3 - 1 0  g i v e s  a  c o m p a r i s o n  o f  th e  t h r o u g h p u t  e f f i c i e n c y  o f  th e  t h r e e  A R Q  p r o t o c o l s  f o r  
w i n d o w  s i z e  8 .  T h e s e  r e s u l t s  a r e  p r o d u c e d  b a s e d  o n  th e  A R Q  t h r o u g h p u t  a n a l y s e s  p r e s e n t e d  
in  [ W A D 9 1 ] .
F i g u r e  3 - 1 0  T h r o u g h p u t  e f f i c i e n c y  c o m p a r i s o n s  b e t w e e n  A R Q  p r o t o c o l s .
T h e  a b o v e  f i g u r e s  c l e a r l y  s h o w  th a t  S R  A R Q  o f f e r s  m u c h  h ig h e r  t h r o u g h p u t  th a n  G B N  a n d  
S A W .  In  a d d i t i o n  to  th e  t h r o u g h p u t ,  S R  A R Q  i s  m o r e  r o b u s t  th a n  th e  o t h e r  t w o  p r o t o c o l s  in  
c o u n t e r a c t i n g  t h e  h ig h  p a c k e t  e r r o r  r a t e  p r e s e n t e d  b y  th e  f a d i n g  c h a n n e l .  T h e  t h r o u g h p u t  o f  
S R  A R Q  i m p r o v e s  m o r e  q u i c k l y  th a n  G B N  a n d  S A W  w ith  th e  i n c r e a s e  o f  c h a n n e l  c o n d i t io n .  
W ith  p r e s e n c e  o f  s e r v e r  f a d i n g ,  S R  A R Q  d e m o n s t r a t e s  a  s t r o n g e r  r o b u s t n e s s  a n d  m a i n t a i n s  a  
m u c h  h i g h e r  t h r o u g h p u t  th a n  G B N  a n d  S A W .
3.3.3.2 ARQ Protocol for ATM-Satellite System
H o w e v e r ,  w h e n  a p p l y i n g  th e  S R  A R Q  s c h e m e  t o  m o b i l e  s a t e l l i t e  c o n n e c t i o n s ,  p o o r  
p e r f o r m a n c e  i s  s t i l l  a  r e m a i n i n g  p r o b l e m  t o  b e  s o l v e d .  F o r  i n s t a n c e ,  th e  e v a l u a t i o n  r e s u l t s  o f  
S R  A R Q  p r o t o c o l  f r o m  th e  S E C O M S  p r o j e c t  i s  s h o w n  in  F i g u r e  3 - 1 1  a n d  F i g u r e  3 - 1 2  a n d  
d e m o n s t r a t e s  t h a t ,  f o r  a  s e r v i c e  t r a n s m i t t e d  o n  a  G E O  s a t e l l i t e  c h a n n e l  u s i n g  S R  A R Q  
p r o t o c o l ,  t h e  t r a n s m i s s i o n  q u a l i t y  i s  v u l n e r a b l e  t o  c h a n n e l  f a d i n g ,  s m a l l  w in d o w  s i z e  a n d  
i n s u f f i c i e n t  c h a n n e l  b a n d w id t h  a s s i g n m e n t .  ( N o t e  th a t  th e  c h a n n e l  c o d i n g  s c h e m e  i s  n o t  
c o n s i d e r e d  h e r e .)
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T h e  a b o v e  f i g u r e s  s h o w  th e  d e l a y  a n d  t h r o u g h p u t  p e r f o r m a n c e  o f  th e  S E C O M S  d a t a  l in k  
l a y e r  v a r y i n g  w ith  th e  a v e r a g e  b i t  e r r o r  r a t e  in  th e  c h a n n e l .  T h e  e v a l u a t i o n  i s  o b t a i n e d  w ith  a n  
a s s u m p t i o n  o f  e n d - t o - e n d  d e l a y  o f  2 5 0 m s  b e c a u s e  th e  S E C O M S  p r o je c t  i s  b a s e d  o n  a  G E O  
s a t e l l i t e  c o n s t e l l a t i o n .  T h e  t r a n s m i t t e r  a n d  r e c e iv e r  b u f f e r  c a p a c i t i e s  a r e  a s s u m e d  t o  b e  
6 4 k b i t s .  A  c e l l  b i t  r a t e  t r a f f i c  a r r i v e s  a t  th e  t r a n s m i t t e r  b u f f e r  w ith  a v e r a g e  b i t  r a t e  3 k b p s  a n d  
th e  c h a n n e l  t r a n s m i s s i o n  r a t e  i s  2 4 k b p s .  C o n s i d e r i n g  th e  p o s s i b l e  b u f f e r i n g  d e l a y  a t  th e  
r e c e iv e r  a n d  t r a n s m i t t e r ,  th e  p a c k e t  r e t r a n s m i s s i o n  t im e r  i s  s e t  t o  b e  6 8 0 m s .
T h e  h ig h  b u r s t  e r r o r  r a t e  i s  th e  m a j o r  f a c t o r  th a t  c a u s e s  a  lo w  t h r o u g h p u t  a n d  l o n g  d e l a y  o n  
t h e  d a t a  l in k  l a y e r .  T h i s  f a c t o r  h a s  s i g n i f i c a n t  im p a c t  o n  th e  c e l l  t r a n s f e r  d e l a y  p a r a m e t e r  o f  
t h o s e  d e l a y  c o n s t r a i n e d  r e a l  t im e  s e r v i c e s  s u c h  a s  v i d e o  s e r v i c e s .  It  i s  f o u n d  t h a t  th e  b i t  e r r o r  
r a t e  o f  1 .0 E - 4  i s  a  c r i t i c a l  p o in t  f o r  th e  p r o t o c o l  p e r f o r m a n c e .  T h e  d e l a y  a n d  t h r o u g h o u t  
d e g r a d e s  q u i c k l y  w h e n  th e  b i t  e r r o r  r a t e  g o e s  a b o v e  1 .O E -4 , b u t  th e y  c a n  r e m a in  a t  a  s t a b l e  
p e r f o r m a n c e  l e v e l  w h e n  th e  b i t  e r r o r  r a t e  i s  b e l o w  I .O E -4 . H o w e v e r ,  it  c a n  b e  o b s e r v e d  th a t  
th e  p e r f o r m a n c e  r e m a i n s  a t  a  l o w  t h r o u g h p u t  o f  0 . 1 2 5 .  T h e  r e a s o n  i s  th e  s i g n i f i c a n t l y  
in f l u e n c e  o f  th e  h ig h  b i t  e r r o r  r a t e  a n d  i n c r e a s e  o f  th e  r e t r a n s m i s s i o n  n u m b e r s .
( a )  M e a n  p a c k e t  t r a n s f e r  d e l a y  ( s e c o n d s ) .
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( b )  T h r o u g h p u t .
F i g u r e  3 - 1 2  D e l a y  a n d  t h r o u g h p u t  o f  S R  A R Q  v e r s u s  w in d o w  s i z e  o n  a  s a t e l l i t e  c h a n n e l .
T h e  w in d o w  s i z e  i s  a  s y s t e m  d e s i g n  p a r a m e t e r  th a t  i s  d e t e r m in e d  b y  m a n y  f a c t o r s  s u c h  a s  
s y s t e m  c a p a c i t y ,  s e r v i c e s  s u p p o r t e d  a n d  p a c k e t  t r a n s f e r  d e l a y  c o n s t r a i n t s .  T h e  m e a n  p a c k e t  
t r a n s f e r  d e l a y s  a n d  t h r o u g h p u t  v e r s u s  d i f f e r e n t  w in d o w  s i z e  a t  d i f f e r e n t  b i t  e r r o r  r a t e s  a r e  
s h o w n  in  F i g u r e  3 - 1 2 ,  in  w h ic h  th e  d e l a y  a n d  t h r o u g h p u t  d e m o n s t r a t e  p o o r  p e r f o r m a n c e  a  
s m a l l  w in d o w  s i z e .  D u e  to  s a t e l l i t e  s y s t e m s ’ l o n g  r o u n d - t r ip  d e l a y  a n d  p o s s i b l y  l o n g  e n d - t o -  
e n d  d e l a y ,  a  s m a l l  w in d o w  s i z e  c a n  b e c o m e  a  b o t t l e n e c k  t o  th e  t r a f f i c  t r a n s m i s s i o n .  A s  a  
c o n s e q u e n c e ,  th e  b u f f e r  m a y  o v e r f l o w  a n d  p a c k e t  d r o p p i n g  w i l l  o c c u r .  F o r  s o m e  d a t a  s e r v i c e s  
w ith  s t r in g e n t  r e q u i r e m e n t s  o n  c e l l  l o s s  l e v e l s  f o r  i n s t a n c e ,  th e  d e s i r e d  Q o S  m a y  n o t  b e  
m a i n t a i n e d  f o r  t h i s  r e a s o n .
T h e  w in d o w  s i z e  s h o u l d  b e  l a r g e  e n o u g h  t o  a l l o w  th e  t e r m in a l  t o  t r a n s m i t  a t  a  f u l l  r a t e  th a t  
e n a b l e s  th e  e f f i c i e n t  u s e  o f  a l l  th e  a s s i g n e d  c h a n n e l  b a n d w id t h .  O t h e r w i s e ,  th e  a l l o c a t e d  
c h a n n e l  r e s o u r c e  w i l l  b e  w a s t e d  a n d  t h e  u s e r ’ s  Q o S  w i l l  n o t  b e  g u a r a n t e e d .  H o w e v e r ,  a  l a r g e r  
w in d o w  s i z e  r e q u i r e s  a  l a r g e r  b u f f e r  c a p a c i t y  a t  th e  r e c e iv e r .  A  c o m p r o m i s e  m a y  b e  n e e d e d  to  
b a l a n c e  t h e s e  r e q u i r e m e n t s .
A l t h o u g h  t h e r e  h a v e  b e e n  e x t e n s i v e  d i s c u s s i o n  o f  th e  d e v e lo p m e n t  o f  e f f i c i e n t  A R Q  s c h e m e s  
f o r  th e  s a t e l l i t e  c h a n n e l ,  l i t t l e  w o r k  i s  d o n e  t o  d i s c u s s  th e  A R Q  p r o t o c o l  f o r  m o b i l e  A T M -  
s a t e l l i t e  s y s t e m s .  A R Q  p r o t o c o l  d e s i g n  b e c o m e s  i n c r e a s i n g l y  d i f f i c u l t  a s  A T M  s u p p o r t s  m a n y  
d i f f e r e n t  s e r v i c e s  w ith  d i f f e r e n t  d a t a  r a t e s ,  b u r s t i n e s s  a n d  Q o S  r e q u i r e m e n t s .
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B y  i d e n t i f y i n g  a n d  q u a n t i t a t i v e l y  s t u d y i n g  th e  t r a d e - o f f s  a n d  i m p a c t s  th a t  a r i s e  in  th e  s a t e l l i t e  
e n v i r o n m e n t ,  o u r  p r im a r y  i n t e r e s t s  l i e  in  th e  s t u d y  o f  S R  A R Q  f o r  i t s  i m p r o v e m e n t  in  
p r o v i d i n g  i m p r o v e d  p e r f o r m a n c e  o f  d e l a y - c o n s t r a in e d  d a t a  t r a f f i c  o v e r  b u r s t y  f a d i n g  
c h a n n e l s ;  i t s  a d a p t a b i l i t y  t o  s u p p o r t  a  v a r i e t y  o f  t r a f f i c  t y p e s  w ith  d i f f e r e n t  Q o S  r e q u i r e m e n t s  
a n d  i t s  t r a d e - o f f s  b e t w e e n  t h r o u g h p u t  a n d  d e l a y .  T h e  p r o t o c o l  p a r a m e t e r s  t o  b e  c o n s i d e r e d  a r e  
r e t r a n s m i s s i o n  t im e o u t ,  w in d o w  s i z e ,  t r a n s m i t t e r  a n d  r e c e iv e r  b u f f e r  s i z e .
3.3.4 Network Security
A T M - s a t e l l i t e  s y s t e m s  i n v o l v e  a  w i r e l e s s  t r a n s m i s s i o n  m e d i a  a n d  m o b i l i t y  a n d  th e  n e t w o r k  
h a s  to  p r o v i d e  s e c u r i t y  s e r v i c e s  a n d  m a n a g e m e n t  t o  a c h i e v e  t w o  g o a l s .  T h e  f i r s t  i s  to  p r o t e c t  
u s e r  s e r v i c e s ’ c o n f i d e n t i a l i t y  a n d  d a t a  in t e g r i t y  t o  c o u n t e r a c t  s e c u r i t y  t h r e a t s  s u c h  a s  l o s s  o r  
c o r r u p t i o n  o f  in f o r m a t io n  a n d  f o r g e r y  [ F E D 9 8 ] ,  T h e  s e c o n d  i s  to  p r o t e c t  th e  n e t w o r k  a g a i n s t  
u n a u t h o r i s e d  a c c e s s .  In  th e  G S M  s y s t e m ,  a u t h e n t ic a t io n ,  e n c r y p t io n  a n d  u s e r  id e n t it y  
p r o t e c t i o n  a r e  th e  m a j o r  s e c u r i t y  f u n c t i o n s  u s e d  t o  p r o v i d e  s e c u r i t y  s e r v i c e s  t o  th e  u s e r s .  A s  a  
c o n s e q u e n c e ,  s e c u r i t y  s e r v i c e s  s u c h  a s  a u t h e n t ic a t io n ,  a c c e s s  c o n t r o l ,  d a t a  in t e g r i t y  
c o n f i d e n t i a l i t y  a n d  s c r a m b l i n g  c a p a b i l i t y  h a s  to  b e  p r o v i d e d .
3.3.5 Mobility Management
S i n c e  t h e r e  i s  n o  t e r m in a l  m o b i l i t y  f u n c t i o n s  p r o v i d e d  in  A T M ,  a  m o b i l i t y  r e l a t e d  p r o t o c o l  
h a s  t o  b e  i n c o r p o r a t e d  in to  th e  A T M  p r o t o c o l  h a r m o n io u s ly  w ith  m in im u m  s i g n a l l i n g  
m o d i f i c a t i o n s .  B r o a d l y ,  m o b i l i t y  m a n a g e m e n t  c a n  b e  c a t e g o r i s e d  in to  r a d i o  m o b i l i t y  a n d  
n e t w o r k  m o b i l i t y .  R a d i o  m o b i l i t y  m a in ly  r e f e r s  t o  th e  h a n d o v e r  p r o c e s s  a n d  n e t w o r k  m o b i l i t y  
m a in ly  r e f e r s  t o  th e  l o c a t i o n  m a n a g e m e n t ,  w h ic h  i n c l u d e s  l o c a t i o n  u p d a t e  a n d  p a g i n g  
[ T A B  9 7 ] .
W ith  t h e  i n c r e a s e d  m o b i l e  u s e r  p o p u l a t i o n ,  u s e r  s u b s c r i p t i o n  d a t a  a n d  t r a f f i c  g e n e r a t e d  b y  
l o c a t i o n  u p d a t e  a n d  p a g i n g  a r e  r a p i d l y  g r o w i n g .  E f f i c i e n t l y  m a n a g i n g  th e  u s e r  d a t a b a s e  a n d  
r e d u c i n g  th e  s i g n a l l i n g  lo a d  b e c o m e s  a  m a jo r  t a r g e t .  In  a d d i t io n ,  c a l l - l e v e l  Q o S  a l s o  n e e d s  to  
b e  s u p p o r t e d  t o  m i n i m i s e  th e  c a l l - d r o p p i n g  r a t e  c a u s e d  b y  h a n d o v e r  f a i l u r e  in  th e  A T M -  
s a t e l l i t e  s y s t e m .  H a n d o v e r  o c c u r s  w h e n  th e  c o m m u n ic a t io n  c o n n e c t i o n  i s  t e m p o r a r y  
u n a v a i l a b l e  d u e  to  h e a v y  s h a d o w i n g ,  th e  t e r m in a l  a p p r o a c h i n g  th e  b o u n d a r y  o f  th e  s p o t b e a m  
o r  th e  s a t e l l i t e  m o v i n g  o u t  o f  th e  s e r v i n g  a r e a .  In  th e  f o l l o w i n g  w e  w i l l  d i s c u s s  e a c h  o f  t h e s e  
a s p e c t s .
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L o c a t i o n  M a n a g e m e n t  ( L M )  i s  u s e d  to  e n a b l e  th e  s y s t e m  t o  k n o w  th e  c u r r e n t  l o c a t io n  o f  a  
p o w e r e d - o n  m o b i l e  s t a t io n  a n d  e n s u r e  th a t  th e  i n c o m in g  c a l l s  c a n  b e  d e l i v e r e d  t o  m o b i l e  
u s e r s .  It i s  e s s e n t i a l l y  b a s e d  o n  a  u s e r ’ s  m o b i l i t y  a n d  h i s  i n c o m in g  c a l l  r a t e  c h a r a c t e r i s t i c s .  
L M  m e t h o d s  im p le m e n t e d  in  e x i s t i n g  l o c a t io n  m a n a g e m e n t  s t a n d a r d s ,  E l e c t r o n i c  I n d u s t r y  
A s s o c i a t i o n /  T e l e c o m m u n i c a t i o n  I n d u s t r y  A s s o c i a t i o n  ( E I A / T I A )  I n te r im  S t a n d a r d  4 1  ( I S - 4 1 )  
a n d  G l o b a l  S y s t e m  f o r  M o b i l e  C o m m u n i c a t i o n s  ( G S M ) ,  m a k e  u s e  o f  th e  c o n c e p t  o f  ‘ l o c a t io n  
a r e a  ( L A ) ’ t o  t r a c k  a  u s e r ’ s  l o c a t i o n .  L o c a t i o n  u p d a t e  ( L U )  p r o c e d u r e s  a r e  u s e d  t o  u p d a t e  u s e r  
l o c a t i o n  d a t a b a s e s  w h e n  th e  u s e r  c r o s s e s  th e  L A  b o u n d a r y .
Location Update
T h e  k e y  i s s u e s  in  L M  l ie  in  th e  d e f i n i t i o n  o f  th e  lo c a t io n  a r e a  a n d  th e  m e t h o d  u s e d  to  u p d a t e  
th e  u s e r ’ s  l o c a t i o n  in f o r m a t io n .  A n  o v e r v i e w  o f  r e c e n t  L M  a p p r o a c h e s  f o r  th e  t e r r e s t r i a l  
m o b i l e  s y s t e m s  h a s  b e e n  g iv e n  in  [ T A B 9 7 ] .  T h e s e  a p p r o a c h e s  o r  s c h e m e s  c a n  b e  d i v i d e d  in to  
m e m o r y l e s s  s c h e m e s  a n d  m e m o r y - b a s e d  s c h e m e s .  M e m o r y - b a s e d  s c h e m e s  a r e  in t e l l ig e n t  
t y p e s .  A  d e s i g n  o f  t h i s  t y p e  o f  L M  s c h e m e  h a s  b e e n  m o t iv a t e d  b y  th e  f a c t  th a t  c u r r e n t  s y s t e m s  
a c t  a s  a  m e m o r y l e s s  p r o c e s s o r  a n d  r e p e a t  a  n u m b e r  o f  a c t i o n s  th a t  c a n  b e  o t h e r w i s e  a v o i d e d  i f  
p r e d i c t e d .  P r o v i d e d  th a t  p r e d ic t io n  i s  v e r y  e f f i c i e n t ,  it w i l l  g r e a t l y  r e d u c e  th e  L U  s i g n a l l i n g  
t r a f f i c  a n d  i n c r e a s e  s u c c e s s f u l  p a g i n g  p r o b a b i l i t y  a t  a n  e a r ly  p a g i n g  s t a g e .  T h e r e f o r e  it 
im p r o v e s  th e  s i g n a l l i n g  e f f i c i e n c y .  T h e  p r o p o s e d  m e m o r y - b a s e d  L M  s c h e m e s  a r e  m a in ly  
b a s e d  o n  th e  o b s e r v a t i o n  a n d  s t a t i s t i c s  o f  u s e r  b e h a v i o u r .  E x a m p l e s  s h o w n  in  F i g u r e  3 - 1 3  a r e  
M u l t i l e v e l  L A s  [ H U 9 5 ] ,  w h ic h  d e f i n e  h ie r a r c h ic a l  l e v e l  o f  L A s  w ith  d i f f e r e n t  s y s t e m  
c o v e r a g e .
3.3.5.1 Location M a n a g e m e n t
F i g u r e  3 - 1 3  M u l t i l e v e l  l o c a t io n  a r e a s .
I n s t e a d  o f  u s i n g  p r e - d e s i g n e d  m u l t i l e v e l  L A  s i z e s ,  o t h e r  a p p r o a c h e s  s u c h  a s  [ T A B 9 5 ]  h a v e  
b e e n  p r o p o s e d  t o  a d ju s t  th e  L A  s i z e  d y n a m ic a l l y  a c c o r d i n g  to  e a c h  u s e r ’ s  m o b i l i t y  a n d  L U
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r a t e .  T h i s  s c h e m e  m a y  r e d u c e  s i g n a l l i n g  t r a f f i c  b u t  a t  th e  p r i c e  o f  i n c r e a s i n g  c o m p u t a t i o n  lo a d  
o f  a  s y s t e m .
A n  L E O  s a t e l l i t e  s y s t e m  h a s  l a r g e r  s i z e d  s p o t b e a m s  th a n  th e  t e r r e s t r i a l  c e l l s .  B u t  th e  m o t io n  
o f  t h e  s a t e l l i t e s  l e a d s  t o  a  f a s t  m o v e m e n t  o f  th e  f o o t p r in t s  a n d  s p o t b e a m s .  D u e  to  a  h ig h  
b o u n d a r y  c r o s s i n g  r a t e  in  L E O  s y s t e m s ,  im p l e m e n t i n g  in d iv id u a l  u s e r - b a s e d  l o c a t i o n  u p d a t e  
s c h e m e s  c o u l d  c a u s e  a  h ig h  l o c a t i o n  u p d a t e  r a t e  r e s u l t i n g  in  a  h e a v y  c o m p u t a t i o n  lo a d  a n d  
l o c a t i o n  u p d a t e  s i g n a l l i n g  l o a d  d e s p i t e  th e  l o w  u s e r  m o b i l i t y .  G E O  s a t e l l i t e  s y s t e m s ,  o n  th e  
o t h e r  h a n d ,  h a v e  l a r g e  s p o t b e a m s  th a t  c o v e r  a  l a r g e  a r e a ,  a n d  th e  u s e r ’ s  r o a m i n g  f r e q u e n c y  
b e t w e e n  s p o t b e a m s  a r e  r e l a t i v e l y  lo w ,  t h u s  a  p e r i o d i c  lo c a t io n  u p d a t e  c o u l d  b e  i n e f f i c i e n t .
T h e  l o c a t i o n  u p d a t e  m e t h o d s  f o r  s a t e l l i t e  s y s t e m s  a r e  m a in ly  d i v i d e d  in t o  f i x e d  l o c a t i o n  a r e a  
m e t h o d s  ( F L A )  a n d  d y n a m ic  l o c a t i o n  a r e a  m e t h o d s  ( D L A )  a c c o r d i n g  to  th e  r e s e a r c h  w o r k  
p e r f o r m e d  a t  th e  U n i v e r s i t y  o f  S u r r e y  [ M E E 9 5 ] .  T h e  F L A  m e t h o d  i s  p u r e ly  b a s e d  o n  th e  r a t e  
o f  t h e  b o u n d a r y  c r o s s i n g .  B u t  in  th e  D L A  m e t h o d ,  th e  l o c a t io n  a r e a  b o u n d a r y  i s  t i m e - v a r y in g  
a n d  c h a n g e s  w ith  c e r t a in  c o n d i t i o n s .  I t s  L A  i s  d e f i n e d  a s  th e  a r e a  c e n t r e d  a t  th e  p o s i t io n  
w h e r e  th e  t e r m in a l  r e c e i v e s  i t s  l a s t  i n c o m in g  c a l l .
F i g u r e  3 - 1 4  C o n c e p t s  o f  F L A  a n d  D L A .
It i s  f o u n d  th a t  l a r g e  o v e r l a p s  o c c u r  in  th e  D L A  m e t h o d  a n d  a  l a r g e r  n u m b e r  o f  l o c a t i o n  
u p d a t e s  i s  r e q u i r e d  in  th e  D L A  m e t h o d  t h a n  th e  F L A  m e t h o d .  B a s e d  o n  th e  a b o v e  
o b s e r v a t i o n ,  a  p r e - d e f in e d  F L A  m e t h o d ,  w h ic h  i s  e i t h e r  s i n g l e  l e v e l  o r  m u l t i l e v e l  L A ,  i s  
p e r c e i v e d  s u i t a b l e  f o r  s a t e l l i t e  s y s t e m s .
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A  p a g i n g  s t r a t e g y  i s  m u c h  d e p e n d e n t  o n  th e  d e f i n i t i o n  o f  th e  P a g i n g  A r e a  ( P A )  th a t  i s  r e la t e d  
t o  th e  l o c a t io n  a r e a  d e f i n i t i o n .  T h e  l o c a t i o n  a r e a  c a n  b e  d i v i d e d  in to  a  n u m b e r  o f  P A s  w ith  
th e i r  s i z e  n o  l a r g e r  th a n  th e  lo c a t io n  a r e a .  T h e  s i z e  a n d  n u m b e r  o f  p a g i n g  a r e a s  a r e  d e c id e d  b y  
th e  s t a t i s t i c s  o f  th e  u s e r  m o b i l i t y .  G e n e r a l l y ,  p a g i n g  c a n  b e  d i v i d e d  in to  f o l l o w i n g  c a t e g o r i e s :
• One-step paging: T h i s  s c h e m e  p a g e s  a  u s e r  in  a l l  P A s  o f  th e  l o c a t i o n  a r e a  a t  th e  s a m e  
t im e .  T h i s  s c h e m e  h a s  th e  l e a s t  p a g i n g  d e l a y  b u t  g e n e r a t e s  m o s t  p a g i n g  t r a f f i c .
• N-step paging: T h i s  s c h e m e  p r i o r i t i s e s  P A s  in to  g r o u p s  a c c o r d i n g  t o  th e  u s e r  m o b i l i t y  
p r o f i l e .  A  u s e r  w i l l  b e  p a g e d  f i r s t  in  th e  P A s  w ith  th e  h ig h e s t  a p p a r e n t  p r o b a b i l i t y .  I f  a  u s e r  
c a n n o t  b e  f o u n d  a t  th e  f i r s t  s t e p ,  n ( n > 2 )  s t e p s  w i l l  b e  f o l l o w e d  u n t i l  th e  u s e r  i s  f o u n d  o r  
th e  p a g i n g  t im e  l im it  i s  r e a c h e d .
A n  o p t i m a l  p a g i n g  s t r a t e g y  f o r  th e  A T M - s a t e l l i t e  w i l l  b e  N - s t e p  p a g i n g  w ith  a  h ig h  s u c c e s s  
r a t e  a t  th e  f i r s t  s t e p .  T h i s  r e q u i r e s  th a t  th e  n e t w o r k  c a n  p r e d ic t  th e  u s e r ’ s  p o s i t io n  w ith  h ig h  
a c c u r a c y .  H o w e v e r ,  t h i s  i s  n o t  a n  e a s y  t a s k .  In  a d d i t i o n ,  b e c a u s e  o f  th e  t r a d e  o f f  b e t w e e n  th e  
l o c a t i o n  u p d a t e  a n d  th e  p a g i n g ,  s e l e c t i o n  o f  o n e - s t e p  o r  N - s t e p  p a g i n g  i s  a l s o  d e c i d e d  b y  th e  
s y s t e m  r e q u i r e m e n t  a n d  t r a f f i c  c o n d i t io n .
Paging Strategies
L A
( b )  P a g i n g  a r e a  i s  s m a l l e r  th a t  th e  lo c a t io n  a r e a .
F i g u r e  3 - 1 5  R e l a t i o n s h i p  b e t w e e n  p a g i n g  a r e a  a n d  lo c a t io n  a r e a .
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H a n d o v e r  i s  t h e  s w i t c h i n g  o f  a n  o n - g o i n g  c a l l  t o  a  d i f f e r e n t  s p o t b e a m  o r  c e l l .  H a n d o v e r  h a s  to  
b e  a d d r e s s e d  in  o r d e r  to  o f f e r  a  h ig h  in s u r a n c e  o f  l in k  c o n t in u i t y  a n d  c a l l  l e v e l  s e r v i c e  q u a l i t y .  
O t h e r w i s e ,  it c a n  c a u s e  a  s h o r t e r  b r e a k  in  th e  c o m m u n i c a t i o n  o r  a  c a l l  d r o o p i n g .  T h e r e  e x i s t s  
s o m e  i s s u e s  t o  b e  a d d r e s s e d  f o r  h a n d o v e r ,  i n c l u d i n g  h a n d o v e r  i n i t i a l i s a t i o n ,  h a n d o v e r  r o u t in g  
a n d  h a n d o v e r  r e s o u r c e  m a n a g e m e n t .
It  i s  o b v i o u s  th a t  s a t e l l i t e  m o v e m e n t  c a u s e s  m o r e  f r e q u e n t  h a n d o v e r  o c c u r r e n c e s .  F o r  t h i s  
r e a s o n  th e  s y s t e m  p e r f o r m a n c e  d e p e n d s  s t r o n g l y  o n  th e  h a n d o v e r  p e r f o r m a n c e .  H a n d o v e r  
m u s t  m a in t a in  th e  c o n t in u i t y  a n d  in t e g r i t y  o f  c a l l s  a t  a  r e a s o n a b l e  q u a l i t y  l e v e l  t o  e n s u r e  th e  
u s e r  r e q u i r e d  Q o S .  T h e  h a n d o v e r s  a r e  l ik e ly  to  b e  n e t w o r k  in i t i a t e d  in  s a t e l l i t e - A T M  s y s t e m s  
d u e  t o  t h e  f o l l o w i n g  a d v a n t a g e s :
® T h e  n e t w o r k  h a s  a c c u r a t e  in f o r m a t i o n  o f  th e  h i s t o r y  o f  th e  c h a n n e l  q u a l i t y  a n d  h a s  
a d v a n t a g e  to  m a k e  a  r e a s o n a b l e  p r e d i c t i o n  o f  t h e  c h a n n e l  q u a l i t y  in  th e  n e x t  in t e r e s t e d  
t im e  p e r i o d ,  e s p e c i a l l y  in  a n  L E O  s y s t e m ,  w h e r e  c e r t a in  p e r c e n t a g e  o f  h a n d o v e r s  a r e  
a t t r ib u t e d  t o  th e  s a t e l l i t e  h a n d o v e r .
® T h e  n e t w o r k  h a s  m o r e  in f o r m a t io n  o f  i t s  r e s o u r c e  a n d  p o s s i b l y  n e i g h b o u r i n g  s p o t b e a m s ’ 
r e s o u r c e ,  a n d  it c a n  s t a r t  t o  l o o k  f o r  a  n e w  h a n d o v e r  t a r g e t  im m e d i a t e l y  w h i l s t  it in s t r u c t s  
th e  m o b i l e  t e r m in a l  to  p r e p a r e  a  h a n d o v e r .
In  t h i s  c a s e ,  th e  m o b i l e  t e r m in a l  i s  r e q u i r e d  t o  s u b m i t  th e  r e s u l t s  o f  th e  l in k  m e a s u r e m e n t  
r e p o r t  to  th e  n e t w o r k  r e g u l a r l y  o r  u p o n  r e q u e s t  b y  th e  n e t w o r k .  H o w e v e r ,  a  s u i t a b l e  h a n d o v e r  
s c h e m e  n e e d s  f u r t h e r  s t u d y .
3.3.6 Call Admission Control
C a l l  a d m i s s i o n  c o n t r o l  ( C A C )  i s  e x e c u t e d  a t  th e  c a l l  s e t - u p  p h a .se  a n d  th e  c a l l  r e - n e g o t i a t io n  
p h a s e  t o  d e c i d e  w h e t h e r  t o  a c c e p t  o r  r e j e c t  a  n e w  c o n n e c t io n  o r  a n  o n g o i n g  c o n n e c t io n  
r e q u e s t i n g  f o r  r e a l l o c a t i o n .  C o n v e n t i o n a l  c a l l  a d m i s s i o n  c o n t r o l  in  s a t e l l i t e  s y s t e m s  i s  
p r i m a r i l y  b a s e d  o n  a v a i l a b l e  c h a n n e l  r e s o u r c e s ,  f i r s t - c o m e - f i r s t - s e r v e d  p r i n c i p l e s  a n d  a  
c o m p l e t e  s h a r i n g  o f  c h a n n e l  r e s o u r c e  b y  d i f f e r e n t  s e r v i c e s .  T h i s  s i m p l e  c a l l  a d m i s s i o n  c o n t r o l  
m a y  c a u s e  h e a v y  c o n g e s t i o n  a n d  r e s u l t  in  d e g r a d i n g  th e  q u a l i t y  o f  e x i s t i n g  c a l l s  in  a n  A T M -  
s a t e l l i t e  s y s t e m .
T h e  C A C  a l g o r i t h m  t o  b e  d e v e l o p e d  i s  e x p e c t e d  t o  p e r f o r m  c a l l  a d m i s s i o n  o n  th e  b a s i s  
o f  s e r v i c e  c l a s s ,  P D R  ( P e a k  D a t a  R a t e )  a n d  C e l l  L o s s  R a t i o  w h i l s t  t a k i n g  th e  e x i s t i n g
3.3.5.2 Handover
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r e s o u r c e ,  r e q u i r e d  Q o S ,  c o n g e s t i o n  c o n d i t i o n s  a n d  n e t w o r k  e f f i c i e n c y  in t o  a c c o u n t .  
E s p e c i a l l y ,  s i n c e  C A C  r u n s  a t  c a l l  s e t - u p  t i m e ,  t im e  c o n s u m i n g  a n d  c o m p l e x  C A C  a l g o r i t h m s  
a r e  n o t  a p p r o p r i a t e  f o r  r e a l  s y s t e m s .
In  th e  c a s e  o f  s a t e l l i t e  n e t w o r k s ,  c h a n n e l  f a d i n g  c o u l d  s e r i o u s l y  d e g r a d e  th e  t h r o u g h p u t  
p e r f o r m a n c e  o f  a  c o n n e c t io n ,  e x t r a  b a n d w id t h  m a y  b e  n e e d e d  t o  p r o t e c t  th e  u s e r  r e q u i r e d  
Q o S .  T h i s  e x t r a  b a n d w id t h  d e m a n d  n e e d s  t o  b e  a d d r e s s e d  b y  a  C A C  a l t h o u g h  t h e  a m o u n t  o f  
e x t r a  b a n d w id t h  i s  d i f f i c u l t  t o  p r e d i c t .  In  a d d i t i o n ,  th e  i n f l u e n c e  d u e  t o  t h e  in c r e a s i n g l y  
o c c u r r i n g  h a n d o v e r s  s h o u ld  a l s o  b e  t a k e n  in t o  a c c o u n t .
3.3.7 Traffic Management
In  th e  A T M  n e t w o r k ,  th e  b a s i c  t r a f f i c  m a n a g e m e n t  s p e c i f i e d  i s  th e  C a l l  A d m i s s i o n  C o n t r o l  
a n d  U s a g e  P a r a m e t e r s  C o n t r o l ,  In  a d d i t io n  t o  t h e s e  b a s i c  c o n t r o l  m e c h a n i s m s ,  c o n g e s t i o n  
c o n t r o l ,  t r a f f i c  s h a p i n g  a n d  f l o w  c o n t r o l  a r e  a l s o  u s e d .  In  th e  A T M - s a t e l l i t e  s y s t e m ,  t h e s e  
c o n t r o l  m e c h a n i s m s  s h o u l d  a l s o  b e  s u p p o r t e d  in  o r d e r  to  m e e t  th e  Q o S  o b j e c t i v e s  a n d  
m a in t a in  th e  s t a b i l i t y  o f  th e  n e t w o r k  o p e r a t i o n .  T h e s e  p r o c e d u r e s  o p e r a t e  a c c o r d i n g  to  th e  
s e r v i c e  c a t e g o r i e s  a n d  w ith  t h e i r  t r a f f i c  p a r a m e t e r s .
T h e  A T M - s a t e l l i t e  n e t w o r k  p e r i o d i c a l l y  m o n i t o r s  th e  o c c u p a n c y  s t a t u s  o f  e a c h  u p l in k  a n d  
d o w n l i n k  c a r r i e r  a n d  b r o a d c a s t s  th e  m e a s u r e d  s t a t u s  in  th e  d o w n l in k  c a r r i e r s .  T h e  d o w n l in k  
c a r r i e r  l o a d  s t a t u s  c a n  b e  n o m in a l ,  o v e r l o a d e d  o r  c o n g e s t e d .  T h e  g r o u n d  t e r m i n a l s  n e e d  to  
im p le m e n t  a  p r o p e r  c o n g e s t i o n  a v o i d a n c e  p o l i c y  w it h in  s h o r t  d e l a y  d u r a t i o n s .
3.3.8 Call Control and Connection Control
T o  a c c o m m o d a t e  t e r m in a l  m o b i l i t y ,  a n  a d d i t i o n a l  w i r e l e s s  c o n t r o l  n e e d s  t o  b e  in c o r p o r a t e d  
in t o  th e  A T M  n e t w o r k  p r o t o c o l .  T h e  n e w  s i g n a l l i n g  c o n t r o l  m u s t  b e  f l e x i b l e  e n o u g h  to  
c o n t r o l  f u n c t i o n s  c o m m o n  to  b o th  m o b i l e  a n d  f i x e d  A T M  a n d  t o  u t i l i s e  s u f f i c i e n t l y  th e  f i x e d  
A T M  n e t w o r k  p r o t o c o l s .  I t  i s  r e q u i r e d  t o  s u p p o r t  c o n t r o l  p l a n e  f u n c t i o n s  r e l a t e d  to  r e s o u r c e  
c o n t r o l  a n d  m a n a g e m e n t  th a t  a r e  s p e c i f i c  t o  e s t a b l i s h i n g ,  m a in t a in in g  a n d  r e l e a s i n g  a  w i r e l e s s  
l in k  o v e r  s a t e l l i t e .  B e s i d e s  t h i s ,  it  i s  e x p e c t e d  t o  s u p p o r t  m o b i l i t y  m a n a g e m e n t  f u n c t i o n s  
i n c l u d i n g  t e r m in a l  a u t h e n t ic a t io n  a n d  r e g i s t r a t i o n ,  l o c a t i o n  u p d a t e ,  p o w e r  m e a s u r e m e n t s  a n d  
c o n t r o l ,  a n d  h a n d o v e r .  S i g n a l l i n g  c o n n e c t i o n  s e t - u p  i s  t o  r e q u e s t  b o th  V P I / V C I  a n d  c h a n n e l  
r e s o u r c e  t o  e s t a b l i s h  a  s i g n a l l i n g  c h a n n e l  o v e r  th e  s a t e l l i t e .  A n  e f f i c i e n t  c o n n e c t io n  
m a n a g e m e n t  s c h e m e  i s  e q u a l l y  im p o r t a n t  to  p r o v i d e  s e r v i c e s  in  s u p p o r t  o f  s e t - u p ,  
m a i n t e n a n c e  a n d  r e l e a s e  o f  c o n n e c t i o n s  in  o r d e r  t o  e s t a b l i s h  f u l l  n e t w o r k  c o n n e c t i v i t y .
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S i g n a l l i n g  p r o c e d u r e s  d e v o t e d  t o  th e  c o n n e c t i o n  c o n t r o l  f u n c t i o n s  r e q u i r e  a  d e d i c a t e d  s y s t e m  
d a t a b a s e  in  o r d e r  to  s t o r e  p r o p e r  s y s t e m  i n f o r m a t i o n ,  w h ic h  s u p p o r t s  c a l l  c o n t r o l  s i g n a l l i n g .
A  f u r t h e r  d i s c u s s i o n  o f  c a l l  c o n t r o l  s i g n a l l i n g  i s  p r e s e n t e d  in  C h a p t e r  8 .
3.4 Conclusion
In  t h i s  c h a p t e r ,  w e  h a v e  d i s c u s s e d  t h e  m a j o r  i s s u e s  o f  A T M  v i a  s a t e l l i t e .  T h e  f o c u s  h a s  b e e n  
o n  th e  c o n n e c t i o n  m a n a g e m e n t  r e l a t e d  p r o t o c o l s ,  s u c h  a s  m u l t ip le  a c c e s s  c o n t r o l ,  A R Q  
p r o t o c o l ,  l o c a t i o n  u p d a t e  a n d  h a n d o v e r .  I t  h a s  b e e n  d e m o n s t r a t e d  th a t  t h e r e  a r e  t w o  m a jo r  
p r o b l e m s  t o  b e  t a c k l e d  in  o r d e r  t o  a c h i e v e  a n  in t e g r a t e d  A T M - s a t e l l i t e  s y s t e m .  T h e  f i r s t  i s  th e  
c o n n e c t i o n  m a n a g e m e n t  t e c h n i q u e s  th a t  h a v e  to  b e  d e v e l o p e d  to  p r o v i d e  a  Q o S - g u a r a n t e e d  
t r a n s p o r t a t i o n  o f  A T M  t r a f f i c  o n  a  m o b i l e  l in k  o v e r  th e  s a t e l l i t e  in  o r d e r  to  e n s u r e  th e  A T M  
l a y e r  Q o S .  T h e  s e c o n d  i s  a n  e f f e c t i v e  m o b i l i t y  m a n a g e m e n t  s c h e m e  n e e d e d  t o  e n s u r e  th a t  
A T M - s a t e l l i t e  s y s t e m s  c a n  p r o v i d e  a  f a s t  u s e r  l o c a t io n  a n d  s m o o t h  h a n d o v e r s .  In  t h i s  w o r k ,  
w e  w i l l  f o c u s  o n  a n  i n v e s t i g a t i o n  o f  th e  f i r s t  p r o b le m .
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C h a p t e r  4  A T M - S a t e l l i t e  I n t e g r a t e d  N e t w o r k  
P r o t o c o l  A r c h i t e c t u r e
Based on existing research contributions and taking into account distinguished features of 
satellites, we propose a fully integrated, efficient and flexible signalling and protocol 
architecture for ATM via satellite. We delineate the proposed integration architecture. The 
considered system integration scenario, proposed protocol reference model and signalling 
protocol architecture are presented. In addition, system connectivity, interworking function and 
layer protocol functions are discussed.
4.1 Introduction
A n  i n t e g r a t e d  A T M - s a t e l l i t e  s y s t e m  n e e d s  e f f i c i e n t  n e t w o r k in g  p r o t o c o l s  t o  p r o v i d e  
c o n n e c t i v i t y  a n d  m o b i l i t y  s e r v i c e s  w ith  a p p r o p r i a t e  Q o S .  T h e  s y s t e m  n e e d s  t o  p r o v i d e  
c o n n e c t i v i t y  s e r v i c e s  a t  l e a s t  t o  th e  f o l l o w i n g  c a l l  t y p e s  in  s u p p o r t  o f  c a l l / c o n n e c t i o n  s e t - u p ,  
r e l e a s e  a n d  m a n a g e m e n t .
•  F i x e d  A T M  n e t w o r k  u s e r  o r i g i n a t e d  c a l l s  t o  m o b i l e  A T M - s a t e l l i t e  u s e r  ( F - M ) .
0 M o b i l e  A T M - s a t e l l i t e  u s e r  o r i g i n a t e d  c a l l s  t o  F i x e d  A T M  n e t w o r k  u s e r  ( M - F ) .
® M o b i l e  A T M - s a t e l l i t e  u s e r  o r i g i n a t e d  o r  t e r m in a t e d  c a l l s  to  a n o t h e r  M o b i l e  A T M -
s a t e l l i t e  u s e r  ( M - M ) .
T h e  m o b i l e  A T M  t e r m in a l s  a r e  c o n s i d e r e d  t o  b e  a b l e  t o  o p e r a t e  in  d u a l  m o d e .  T h e y  c a n  b e  
d i r e c t l y  c o n n e c t e d  t o  th e  f i x e d  A T M  n e t w o r k  v i a  a  c a b l e ,  a s  w e l l  a s  c o n n e c t e d  t o  s a t e l l i t e s  v i a  
a  f r o n t - e n d  d e v i c e  th a t  p e r f o r m s  th e  in t e r w o r k in g  f u n c t io n .  T h e  m o b i l i t y  s e r v i c e s  n e e d  to  
p r o v i d e  A T M  u s e r  t e r m i n a l s  w ith  a  r o a m i n g  c a p a b i l i t y  in  th e  s e r v i c e  a r e a .  T h e  p r o v i d e d  
m o b i l i t y  s h o u l d  b e  c o m p l e t e l y  t r a n s p a r e n t  t o  th e  A T M  n e t w o r k  p r o t o c o l ’ s  s w i t c h i n g  p o i n t  to  
w h ic h  a  u s e r  i s  c o n n e c t e d .
In  t h i s  c h a p t e r ,  w e  p r o p o s e  a  f u l l y  in t e g r a t e d  a n d  f l e x i b l e  s i g n a l l i n g  a n d  p r o t o c o l  a r c h i t e c t u r e  
f o r  A T M  v i a  s a t e l l i t e s .  T h e  p r o p o s e d  a r c h i t e c t u r e  i s  d e v e l o p e d  f r o m  th e  A T M  p r o t o c o l .  T h e  
m o b i l i t y  f u n c t i o n s  a n d  M A C ,  L L C  f u n c t i o n s  a r e  in c o r p o r a t e d  in t o  th e  e x i s t i n g  A T M  la y e r s .  
T h e  p r o p o s e d  A T M - s a t e l l i t e  p r o t o c o l  r e f e r e n c e  m o d e  a n d  s i g n a l l i n g  p r o t o c o l  a r c h i t e c t u r e  a r e  
a l s o  p r e s e n t e d .  In  a d d i t i o n ,  s y s t e m  c o n n e c t i v i t y ,  in t e r w o r k in g  f u n c t i o n s  a n d  l a y e r  p r o t o c o l  
f u n c t i o n s  a r e  d i s c u s s e d .
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4.2 Integrated System Architecture
4.2.1 Interconnection Approaches
P r o v i s i o n i n g  o f  B - I S D N  s e r v i c e s  o v e r  s a t e l l i t e  i s  a  c o m m o n  t a r g e t  o f  m a n y  o n - g o i n g  p r o j e c t s  
a n d  e m e r g i n g  c o m m e r c i a l  m o b i l e  s a t e l l i t e  c o m m u n i c a t i o n  s y s t e m s .  F r o m  th e  s y s t e m  p r o t o c o l  
d e s i g n  p o in t  o f  v i e w ,  A T M - S a t e l l i t e  in t e r c o n n e c t io n  s o l u t i o n s  c a n  b e  c a t e g o r i s e d  in to  i n d i r e c t  
in t e r c o n n e c t io n  a n d  d i r e c t  i n t e r c o n n e c t io n .  D i f f e r e n c e s  b e t w e e n  t h e s e  t w o  a p p r o a c h e s  a r e  
i l l u s t r a t e d  in  F i g u r e  4 - 1 .
( a )  I n d ir e c t  in t e r c o n n e c t io n .
F i g u r e  4 -1  T w o  a p p r o a c h e s  f o r  A T M - S a t e l l i t e  in t e r c o n n e c t io n  ( M T :  m o b i l e  t e r m in a l ) .  
I n d ir e c t  in t e r c o n n e c t io n  i s  a  s i m p l e  w a y  t o  p r o v i d e  B - I S D N  s e r v i c e s  o v e r  s a t e l l i t e .  T h e  
s a t e l l i t e  s y s t e m  o n ly  n e e d s  t o  p r o v i d e  a  t r a n s m i s s i o n  p a th  b e t w e e n  th e  I n t e r W o r k in g  
F u n c t io n s  ( I W F )  a n d  B - I S D N  s e r v i c e  i s  p r o v i d e d  t r a n s p a r e n t ly  t o  th e  n e t w o r k .  A s  th e  c o r e  
s y s t e m  i s  in d e p e n d e n t  o f  e x t e r n a l  n e t w o r k s ,  it  i s  v e r y  f l e x i b l e  f o r  th e  n e t w o r k  to  h a v e  a n  
e f f i c i e n t  p r o t o c o l  o p t i m i s e d  t o  th e  s a t e l l i t e  e n v i r o n m e n t  o n ly .  T h e r e  a r e  f e w  i s s u e s  o n  th e  
m e r g e  o f  th e  t w o  d i f f e r e n t  p r o t o c o l s .  O n  th e  o t h e r  h a n d , t h i s  a p p r o a c h  m a y  c a u s e  a  h e a v y  
p a c k e t  h e a d e r ,  c o m p l e x  i n t e r w o r k in g  f u n c t io n  a n d  h e a v y  p r o c e s s i n g  l o a d  d u e  t o  th e  c o m p l e t e  
p r o t o c o l  in t e r p r e t a t io n  b e t w e e n  m o b i l e  t e r m i n a l s ,  s a t e l l i t e  n e t w o r k  a n d  A T M  n e t w o r k  
p r o t o c o l s .
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S a t e l l i t e  E H F  C o m m u n i c a t i o n  f o r  M o b i l e  M u l t i m e d i a  S e r v i c e s  ( S E C O M S )  n e t w o r k  i s  a n  
e x a m p l e  o f  s u c h  a n  in d i r e c t  s e r v i c e  p r o v i s i o n i n g  s y s t e m .  A t  th e  u n i v e r s i t y  o f  S u r r e y ,  th e  
r e s e a r c h  g r o u p  w o r k e d  o n  S E C O M S  f r o m  1 9 9 5 - 1 9 9 8 .  F i g u r e  4 - 2  i l l u s t r a t e s  i t s  n e t w o r k  
a r c h i t e c t u r e .  S E C O M S  u s e s  a  l im i t e d  n u m b e r  o f  G E O  s a t e l l i t e s  w o r k i n g  a t  K a  a n d  E H F  
b a n d s ,  c a p a b l e  o f  p r o v i d i n g  a  w i d e  r a n g e  o f  b r o a d b a n d  m o b i l e  s e r v i c e s .  T h e  s y s t e m  o p e r a t e s  
a s  a n  u n d e r l y i n g  c o r e  a c c e s s  n e t w o r k  a n d  p r o v i d e s  a  m e a n s  t o  t r a n s p a r e n t ly  t r a n s f e r  b o th  
s i g n a l l i n g  a n d  d a t a  t r a f f i c  o v e r  s a t e l l i t e s  [ M E R 9 7 ] .  T h e  e x t e r n a l  n e t w o r k  p r o t o c o l  i s  
t e r m in a t e d  a t  th e  g a t e w a y  s t a t i o n s  a n d  s p e c i f i c  s a t e l l i t e  t e r m i n a l s .  T h e  e x t e r n a l  p r o t o c o l  i s  
t r a n s l a t e d  b y  a n  I W F .
SE C O M S nefcwOl'k Public nr Private
Network
F i g u r e  4 - 2  I n t e r w o r k in g  b e t w e e n  S E C O M S  w ith  B - I S D N  ( I W U : in t e r w o r k in g  u n i t ) .
D i r e c t  i n t e r c o n n e c t io n  a i m s  t o  p r o v i d e  a  f u l l y  in t e g r a t e d  s y s t e m  c o n n e c t i n g  A T M  a n d  
s a t e l l i t e .  In  t h i s  a p p r o a c h  th e  A T M  p r o t o c o l  i s  e n h a n c e d  to  a c c o m m o d a t e  m o b i l i t y  a n d  
w i r e l e s s  m e d iu m  r e l a t e d  f u n c t i o n s .  M o d i f i c a t i o n  t o  th e  A T M  p r o t o c o l  i s  r e q u i r e d  t o  b e  
m i n i m a l .  T h e  m o b i l i t y  c o m p l i a n t  A T M  t e r m i n a l s  c a n  s e t  u p  c o n n e c t i o n s  a c r o s s  th e  s a t e l l i t e  
n e t w o r k  u s i n g  m o s t  o f  i t s  o w n  c a l l  c o n t r o l / c o n n e c t i o n  p r o t o c o l s .  S e r v i c e s  a r e  p r o v i d e d  
d i r e c t l y  b y  th e  s a t e l l i t e  s y s t e m  t o  b e  c o n n e c t e d  t o  th e  b a c k b o n e  A T M  n e t w o r k .  T h i s  s c h e m e  
c a n  b e  m o r e  e f f i c i e n t  th a n  th e  f o r m e r  a p p r o a c h .  I t  i s  t h e r e f o r e  c h o s e n  in  r e a l i s i n g  th e  g o a l  o f  a  
f u l l y  in t e g r a t e d  A T M - s a t e l l i t e  n e t w o r k .
4.2.2 Integrated Networking Scenario
A  n e t w o r k  a r c h i t e c t u r e  o f  th e  A T M - s a t e l l i t e  in t e g r a t e d  s y s t e m  i s  p r o p o s e d  in  F i g u r e  4 - 3 ,  
w h e r e  th e  A T M - s a t e l l i t e  s y s t e m  n e t w o r k  w ith  m o b i l e  A T M - s a t e l l i t e  t e r m i n a l s  a n d  b a c k b o n e  
A T M  n e t w o r k s  i s  s h o w n . T h e  s y s t e m  i s  d e s i g n e d  t o  s u p p o r t  s a t e l l i t e  c o n n e c t i o n s  t o  th e  
m o b i l e  t e r m i n a l s .  T h e  s a t e l l i t e  n e t w o r k  i s  s e e n  a s  a  p a r t  o f  th e  B - I S D N .  B u t  a l l  th e  m o b i l i t y  
s p e c i f i c  s i g n a l l i n g s  a r e  t e r m in a t e d  a t  a  s p e c i a l  g a t e w a y  e a r t h  s t a t io n .  T h i s  p a r t i c u l a r  e a r th
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s t a t io n  p e r f o r m s  a l l  th e  i n t e r w o r k in g  f u n c t i o n s .  T h e  n e t w o r k  e l e m e n t s  o f  t h i s  A T M - s a t e l l i t e  
a r c h i t e c t u r e  a r e  d e s c r i b e d  in  th e  f o l l o w i n g  s e c t i o n s .
call admission
HLR/VLR resourcemanaqemen
connection
manaqemen
' ur ATM private switch
ATM terminal
F i g u r e  4 - 3  A T M - s a t e l l i t e  s y s t e m  a r c h i t e c t u r e .
4 .2 .2 .1  N e t w o r k  E le m e n t s  
SAT (Satellite-ATM Terminal)
T h e  S A T  i s  a  d u a l  m o d e  t e r m in a l  w ith  m o b i l i t y .  It c a n  b e  c o n n e c t e d  t o  th e  f i x e d  A T M  
n e t w o r k  b y  a  c a b l e .  It c a n  a l s o  b e  c o n n e c t e d  t o  s a t e l l i t e s  v i a  f r o n t - e n d  e q u ip m e n t  w h ic h  
im p l e m e n t s  th e  i n t e r w o r k in g  f u n c t io n  b e t w e e n  th e  s a t e l l i t e  s y s t e m  a n d  th e  A T M  n e t w o r k . 
T h e  t e r m in a l  t y p e s  c o n s i d e r e d  in c lu d e  p o r t a b l e  t e r m i n a l s  a n d  h a n d h e ld  t e r m i n a l s .  T h e  S A T  
s u p p o r t s  th e  e n h a n c e d  U s e r - N e t w o r k  I n t e r f a c e  ( U N I )  s i g n a l l i n g  Q . 2 9 3 1 +M, w h ic h  is  
i n c o r p o r a t e d  w ith  m o b i l i t y  m a n a g e m e n t  p r o t o c o l s .
MCS (Master Control Station)
It i s  a s s u m e d  th a t  a  s a t e l l i t e  e a r th  c o n t r o l  s t a t io n  i s  a l w a y s  in t e g r a t e d  w ith in  a n  M C S .  T h e  
M C S  i s  t h u s  in  c h a r g e  o f  t r a c k in g ,  m o n i t o r in g  a n d  c o n t r o l l i n g  th e  s a t e l l i t e s .  T h e  M C S  
p r o v i d e s  th e  o v e r a l l  c o n t r o l  o f  th e  s a t e l l i t e  n e t w o r k  r e s o u r c e s .  T h i s  c e n t r a l i s e d  n o d e  is  
r e s p o n s i b l e  f o r  a l l o c a t i n g  th e  c o n n e c t io n  i d e n t i f i e r s  a n d  a s s i s t i n g  in  a l l o c a t i n g  f r e q u e n c i e s  a n d  
c h a n n e l s  to  th e  S A T .  T h e  M C S  a l s o  d e a l s  w ith  c a l l  h a n d l in g  a n d  c a l l  r o u t in g .  T h e  m a in
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p r o t o c o l  c o n t r o l  f u n c t i o n s  o f  t h e  M C S  a r e  t o  m a n a g e  p r o c e d u r e s  s u c h  a s  s y n c h r o n i s a t i o n ,  
a u t h e n t ic a t i o n ,  c a l l  a d m i s s i o n  a n d  c o n n e c t i o n  h a n d l i n g  a n d  r o u t in g .  T h e  M C S  h a s  f u l l  
v i s i b i l i t y  o f  th e  n e t w o r k  c o n f i g u r a t i o n  a n d  c o n n e c t i o n s ,  b o t h  a c t i v e  a n d  t h o s e  b e i n g  s e t - u p .  
I n f o r m a t i o n  s u p p o r t i n g  a u t h e n t ic a t io n  a n d  c o n n e c t i o n  m a n a g e m e n t  m u s t  b e  a v a i l a b l e .  T h u s  
th e  M C S  w i l l  b e  e q u i p p e d  w ith  d e d i c a t e d  d a t a b a s e s  in  o r d e r  t o  s t o r e  p r o p e r  s y s t e m  
in f o r m a t i o n  a n d  s u p p o r t  a l l  p r o c e d u r e s  d e s c r i b e d  a b o v e .
HLR / VLR (Home Location Register/Visitor Location Register)
H L R  a n d  V L R  a r e  th e  c o n c e p t s  a d o p t e d  f r o m  G S M  f o r  s u b s c r i b e r s ’ d a t a b a s e s .  H L R  h o l d s  th e  
s u b s c r i b e r ’ s  in f o r m a t i o n  r e le v a n t  t o  th e  p r o v i s i o n i n g  o f  t e l e c o m m u n i c a t i o n s  s e r v i c e s ,  a s  w e l l  
a s  th e  c u r r e n t  l o c a t i o n  o f  th e  s u b s c r i b e r .  A s  a  p h y s i c a l  m a c h in e ,  a n  H L R  i s  t y p i c a l l y  a  
s t a n d a l o n e  c o m p u t e r ,  w i t h o u t  s w i t c h i n g  c a p a b i l i t y  b u t  a b l e  to  h a n d le  h u n d r e d s  o f  t h o u s a n d s  
o f  s u b s c r i b e r s  [ M O U 9 2 ] .  A n o t h e r  f u n c t io n  o f  th e  H L R  i s  th e  m a n a g e m e n t  o f  s e c u r i t y  d a t a  f o r  
th e  a u t h e n t ic a t io n  o f  s u b s c r i b e r s .
A  V L R  i s  a l w a y s  a s s u m e d  t o  b e  in t e g r a t e d  w ith  a n  M C S  in  th e  s y s t e m .  T h e  V L R  i s  th e  
s e c o n d  s u b s c r i b e r  d a t a b a s e .  I t  i s  r e s p o n s i b l e  f o r  t e m p o r a r i ly  s t o r i n g  s u b s c r i p t i o n  d a t a  f o r  
t h o s e  s u b s c r i b e r s  c u r r e n t ly  s i t u a t e d  in  th e  s e r v i c e s  a r e a  o f  a  c o r r e s p o n d i n g  M S C .
GTW (GaTeWay)
T h e  G T W  s t a t io n  i s  a  F i x e d  E a r t h  S t a t i o n  ( F E S )  w ith  in t e r w o r k in g  f u n c t i o n a l i t y  t o  s u p p o r t  
i n t e r - c o n n e c t iv i t y  to  th e  e x t e r n a l  A T M  n e t w o r k s .  O n e  o f  i t s  t a s k s  i s  t o  s e p a r a t e  th e  s i g n a l l i n g  
i n f o r m a t i o n  r e le v a n t  to  th e  c a l l  c o n t r o l  f r o m  th e  s i g n a l l i n g  in f o r m a t io n  r e le v a n t  to  th e  
M o b i l i t y  M a n a g e m e n t  ( M M ) .  I t  i s  a  s w i t c h  r e s p o n s i b l e  f o r  f e t c h i n g  th e  l o c a t i o n  i n f o r m a t io n  
a n d  r o u t i n g  th e  c a l l  t o w a r d s  t h e  M S C  th r o u g h  w h ic h  th e  s u b s c r i b e r  c a n  o b t a in  s e r v i c e s  a t  a n y  
in s t a n t .
Constellation and Payload
T h e  s a t e l l i t e  c o n s t e l l a t i o n  u s e d  f o r  in t e g r a t io n  c o u l d  b e  a  G E O ,  M E O  o r  L E O  c o n s t e l l a t i o n .  It 
i s  a s s u m e d  th a t  th e  s a t e l l i t e  i s  e q u i p p e d  w ith  o n - b o a r d  p r o c e s s i n g  s w i t c h i n g  c a p a b i l i t y .  A  
m a j o r  o n - b o a r d  p r o c e s s i n g  i s  t h e  t r a f f i c  r e s o u r c e  a l l o c a t i o n ,  w h ic h  i s  m a n a g e d  b y  a  t r a f f i c  
r e s o u r c e  m a n a g e r .  I n t e r s a t e l l i t e  l i n k s  a r e  a s s u m e d  to  b e  u s e d  t o  r o u t e  t h e  c o n n e c t i o n  t h r o u g h  
th e  s k y .  A  s a t e l l i t e  h a s  a  d i r e c t  c o n n e c t i o n  to  th e  M C S ,  S A T  a n d  G T W . A n  M C S  i s  c o n n e c t e d  
to  o t h e r  M C S ’ s  v i a  th e  s a t e l l i t e .
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TRM (Traffic Resource Manager)
T h e  t r a f f i c  r e s o u r c e  m a n a g e r  r e p r e s e n t s  a  c e n t r a l i s e d  e n t i t y ,  r e s i d i n g  o n - b o a r d ,  th a t  m a n a g e s  
th e  s a t e l l i t e  r e s o u r c e s  o n  d e m a n d .  T h e  T R M  i s  r e s p o n s i b l e  f o r  a s s i g n i n g  r e s o u r c e s  t o  a n  
c o n n e c t i o n  a n d  i s  a l s o  in  c h a r g e  o f  im p l e m e n t i n g  th e  O n - B o a r d  S w i t c h  ( O B S )  c o n t r o l  th a t  
a l l o w s  s e t t i n g  u p ,  u p d a t i n g  a n d  r e l e a s i n g  th e  in p u t s / o u t p u t  c o n n e c t i o n s  [ S E C 9 7 D ] .
T h e  T R M  n e e d s  to  h a v e  a  f u l l  v i s i b i l i t y  o f  th e  c o m m it m e n t  s t a t u s  o f  th e  s y s t e m  r e s o u r c e s ,  
b o th  in  u p l i n k  a n d  in  d o w n l in k .  T h e  T R M  w i l l  b e  e q u i p p e d  w ith  d e d i c a t e d  d a t a b a s e s ,  
k e e p i n g  t h e  f o l l o w i n g  in f o r m a t io n  a b o u t  s t a t u s  o f  th e  o v e r a l l  u p - l in k  a n d  d o w n - l in k  
r e s o u r c e s ,  c o n n e c t io n  p a r a m e t e r s  s u c h  a s  id e n t i f i e r ,  c u r r e n t  s t a t u s ,  s e r v i c e  c a t e g o r y ,  r e s o u r c e s  
a s s i g n e d  a n d  r e s o u r c e  h o l d i n g  t im e .
On-Board Switch
T h e  O B S  r e p r e s e n t s  a  c o m p o n e n t  o f  s y s t e m  s w i t c h i n g  a r c h i t e c t u r e  c a p a b l e  o f  p e r f o r m i n g  th e  
r o u t i n g  o f  e l e m e n t a r y  t r a f f i c  c h a n n e l s  f r o m  a n y  u p l i n k  t o  a n y  d o w n l in k  c a r r i e r .
4.2.2.2 Networking Connectivity
T h e  A T M - s a t e l l i t e  s y s t e m  h a s  to  o f f e r  c o n n e c t i v i t y  s e r v i c e s  in  s u p p o r t  o f  A T M  n e t w o r k  
p r o t o c o l s  a n d  A T M  e n d  u s e r s  w ith  m o b i l i t y  c a p a b i l i t y  a n d  a p p r o p r i a t e  Q o S  r e q u i r e m e n t s .  
T h e  s y s t e m  n e e d s  t o  p r o v i d e  f u l l  n e t w o r k  c o n n e c t i v i t y  s e r v i c e s  t o  th e  S A T ,  f i x e d  A T M  u s e r s  
a n d  N e t w o r k  O p e r a t io n  C e n t r e  ( N O C ) .  T h e  e n d - t o - e n d  c o n n e c t i o n s  c o n s i d e r e d  to  b e  
s u p p o r t e d  a r e  g iv e n  in  T a b l e  4 - 1 .  T h e s e  c o n n e c t i o n s  c a n  b e  p r e - d e f in e d  o r  d y n a m i c a l l y  s e t  
u p .  T h e  n e t w o r k  s h o u l d  b e  c a p a b l e  o f  p r o v i d i n g  c o n n e c t iv i t y  s e r v i c e s  t o  a  f u l l  r a n g e  o f  
a p p l i c a t i o n s  i n c l u d i n g  t h o s e  t o  e m e r g e  in  th e  fu t u r e .
------^Connection Type
End-to-end Point-to-point Point-to-multipoint
S A T  <=> S A T S S
S A T  <=> A T M  e n d  u s e r s s
S A T  <=> H L R s X
S A T  <^> N O C s X
G T W  ^  G T W s X
M C S  <£> M C S s X
M C S  <^> N O C s X
T a b l e  4 -1  E n d - t o - e n d  c o n n e c t i o n  s u p p o r t e d  in  A T M - s a t e l l i t e  n e t w o r k .  ( S :  S u p p o r t ,  X :  N o t
s u p p o r t . )
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4.3 Network Signalling Protocol Architecture
4.3.1 Protocol Reference Model
T h e  A T M - s a t e l l i t e  p r o t o c o l  r e f e r e n c e  m o d e l  i s  e x p e c t e d  to  in c o r p o r a t e  th e  m o b i l i t y  a n d  
w i r e l e s s  a c c e s s  f u n c t i o n s  in t o  s t a n d a r d  A T M  p r o t o c o l  r e f e r e n c e  m o d e l .  T h e r e  a r e  th r e e  
a p p r o a c h e s  t o  d e f i n e  th e  A T M - S a t e l l i t e  in t e g r a t e d  p r o t o c o l  a r c h i t e c t u r e .
T h e  a p p r o a c h  s h o w n  in  F i g u r e  4 - 4  ( a )  a l m o s t  c o m p l e t e l y  s e p a r a t e s  r a d i o  c o n n e c t i o n  a n d  
m o b i l i t y - r e l a t e d  s i g n a l l i n g  f r o m  A T M  s i g n a l l i n g .  T h i s  a p p r o a c h  i s  s i m i l a r  t o  a n  in d i r e c t  
A T M - s a t e l l i t e  in t e g r a t io n .  B e c a u s e  th e  A T M  p r o t o c o l  r u n s  o n  t o p  o f  a  s a t e l l i t e  s p e c i f i c  
p r o t o c o l ,  th e  A T M  d a t a  a n d  s i g n a l l i n g  t r a f f i c  a r e  c o m p l e t e l y  e n c a p s u l a t e d  in  th e  s a t e l l i t e  
s p e c i f i c  p a c k e t s .  H e n c e  a p p r o a c h  ( a )  e n d s  u p  w ith  s i g n a l l i n g  i n e f f i c i e n c y  c a u s e d  b y  h e a v y  
h e a d e r  a n d  i n c r e a s e d  p r o c e s s i n g  l o a d s .
T h e  a p p r o a c h  in  F i g u r e  4 - 4  ( b )  i n c o r p o r a t e s  a l l  r a d i o  a n d  m o b i l i t y - r e l a t e d  s i g n a l l i n g  in t o  a  t o p  
la y e r .  T h i s  a p p r o a c h  i s  i n e f f i c i e n t  in  b a n d w id t h  u t i l i s a t i o n .  T h e  a p p r o a c h  s i m p l y  i m p l i e s  th a t  
a l l  t h e  l o g i c a l  c h a n n e l s  a t  th e  r a d i o  in t e r f a c e  m u s t  h a v e  th e  t im e s l o t  e q u i v a l e n t  to  th a t  o f  th e  
e n c o d e d  p a c k e t ,  w h ic h  c o n s i s t s  o f  a  r a d i o  r e l a t e d  h e a d e r  a n d  A T M  c e l l .  H o w e v e r ,  s o m e  l o g i c  
c h a n n e l s ,  s u c h  a s  p a g i n g ,  r a n d o m  a c c e s s  a n d  r e s e r v a t i o n  c h a n n e l s ,  m a y  n o t  r e q u i r e  s u c h  a  
l a r g e  p a c k e t  s i z e  a n d  h ig h  t r a n s m i s s i o n  s p e e d .  B u t  th e  b a n d w id t h  c a n n o t  b e  t a i l o r e d  in to  
d i f f e r e n t  s i z e d  t i m e s l o t s  in  t h i s  a p p r o a c h .  T h e r e f o r e ,  t h i s  p r o p o s a l  i s  n o t  c o n s i d e r e d  f l e x i b l e  
e n o u g h  t o  a c h i e v e  h ig h  b a n d w id t h  u t i l i s a t i o n .
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F i g u r e  4 - 4  O p t i o n s  o f  A T M  p r o t o c o l  a r c h i t e c t u r e .
B a s e d  o n  th e  a b o v e  d i s c u s s i o n ,  w e  p r o p o s e  th e  p r o t o c o l  r e f e r e n c e  m o d e l  s h o w n  in  F i g u r e  4 - 5 .  
T h i s  p r o t o c o l  i s  m a d e  a c c o r d i n g  t o  th e  p r i n c i p l e  o f  i s o l a t in g  r a d i o  c o n n e c t i o n - r e l a t e d  
s i g n a l l i n g  f r o m  f i x e d  A T M - r e l a t e d  a n d  f r o m  m o b i l i t y - r e l a t e d  s i g n a l l i n g .  T h e  m o b i l i t y  
s p e c i f i c  f u n c t i o n s ,  s u c h  a s  l o c a t i o n  u p d a t e  a n d  s e c u r i t y  s e r v i c e ,  a r e  im p le m e n t e d  a t  t o p  l a y e r  
in  c o n ju n c t i o n  w ith  Q .2 9 3 1 .  T h e  m o b i l i t y  e n h a n c e d  Q .2 9 3 1  i s  t h u s  c a l l e d  Q . 2 9 3 1 +M. S o m e  
o t h e r  m o b i l i t y  s p e c i f i c  s i g n a l l i n g ,  s u c h  a s  h a n d o v e r  a n d  p a g i n g ,  a r e  p e r f o r m e d  a t  th e  R a d i o  
C o n t r o l  L a y e r  ( R C L ) .  L o g i c  L i n k  C o n t r o l  ( L L C )  a n d  M A C  l a y e r  a r e  p r o v i d e d  b e l o w  th e  
A T M  l a y e r  to  e n s u r e  r e l i a b l e  p a c k e t  t r a n s m i s s i o n .
T h i s  p r o t o c o l  r e t a in s  th e  a d v a n t a g e  o f  th e  A T M  p r o t o c o l .  A t  th e  s a m e  t im e ,  it  r e t a i n s  c e r t a in  
f l e x i b i l i t y  f o r  m a n a g i n g  th e  r a d i o  c o n n e c t i o n  a n d  r e s o u r c e s .  T h e  R C L  i s  r e s p o n s i b l e  f o r  r a d i o  
c o n n e c t i o n  s e t - u p ,  r e l e a s e  a n d  q u a l i t y  m a n a g e m e n t .
Figure 4-5 Proposed ATM-satellite protocol reference model.
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4.3.2 Interfaces
T h e  s i g n a l l i n g  i n t e r f a c e s  h a v e  b e e n  i d e n t i f i e d  t o  p r o v i d e  r e f e r e n c e  p o i n t s  f o r  p r o t o c o l  d e s i g n .  
T h e  i n t e r f a c e s  a r e  g i v e n  in  F i g u r e  4 - 6 .  T h e s e  i n t e r f a c e s  a n d  t h e i r  p r o t o c o l  f u n c t i o n s  a r e  
s u m m a r i s e d  in  T a b l e  4 - 2 .
F i g u r e  4 - 6  N e t w o r k  in t e r f a c e s .
T h e  i n t e r f a c e  A  b e t w e e n  th e  S A T  t e r m in a l  a n d  t h e  M C S  v i a  th e  s a t e l l i t e  i s  c o n s i d e r e d  a s  a  
U s e r  N e t w o r k  I n t e r f a c e  ( U N I ) ,  w h ic h  p e r f o r m s  m o s t  o f  th e  A T M  U N I  s i g n a l l i n g  f u n c t i o n s .  
T h e r e  i s  a n  a r g u m e n t  th a t  th e  U N I  i n t e r f a c e  s h o u l d  b e  b e t w e e n  th e  S A T  a n d  G T W  b e c a u s e  
th e  G T W  h a s  th e  I W F  a n d  a c t s  m o s t l y  a s  a n  A T M  s w i t c h .  H o w e v e r ,  b e c a u s e  th e  M C S  i s  a  
c e n t r a l i s e d  n o d e  th a t  h a s  f u l l  c o n t r o l  o f  th e  n e t w o r k  r e s o u r c e  a n d  a d m i n i s t r a t i o n ,  th e  
r e l a t i o n s h ip  b e t w e e n  th e  M C S  a n d  th e  G T W  i s  a  m a s t e r - s l a v e  r e l a t i o n s h ip .  T h e  G T W  f o l l o w s  
t h e  M C S ’ s  i n s t r u c t io n s  t o  e s t a b l i s h  a n d  c l e a r  s a t e l l i t e  c o n n e c t i o n s .  It i s  a l s o  n o t e d  th a t  th e  
G T W  i s  a  s w i t c h  a n d  it h a n d l e s  i t s  o w n  p r o c e s s i n g  a n d  b u f f e r i n g  c a p a c i t y .  F o r  t h i s  r e a s o n ,  it  
c a n  b e  r e g a r d e d  a s  a n  i n d e p e n d e n t  p e e r  s w i t c h  t o  th e  M C S  s t a t io n .  T h e s e  t w o  c o n s i d e r a t i o n s  
m a k e  it  d i f f i c u l t  to  d e c i d e  th e  p r o t o c o l  f u n c t io n  o f  in t e r f a c e  B ,  w h ic h  i s  b e t w e e n  th e  M C S  a n d  
G T W  v i a  s a t e l l i t e .  H o w e v e r ,  t h e r e  a r e  t w o  o t h e r  c o n s i d e r a t i o n s .  F i r s t l y ,  th e  U N I  a n d  
N e t w o r k - N e t w o r k  I n t e r f a c e  ( N N I )  a r e  v e r y  s i m i l a r  to  e a c h  o th e r .  S e c o n d l y ,  i f  w e  a s s u m e  th a t  
th e  G T W  i s  a l w a y s  a t t a c h e d  to  a n  A T M  s w i t c h ,  th e  G T W  c a n  th e n  b e  r e g a r d e d  a s  a  m o b i l i t y  
e n h a n c e d  A T M  s w i t c h ,  n a m e d  a s  A T M + .  T h e  r e l a t i o n s h ip  b e t w e e n  A T M +  a n d  M C S  i s  
v i r t u a l l y  a  p e e r - t o - p e e r  r e l a t i o n s h ip .  O n  th e  b a s i s  o f  t h e s e  t w o  p o i n t s ,  th e  i n t e r f a c e  B  i s  
d e f i n e d  a s  a n  N N I  in t e r f a c e  a n d  s o  i s  th e  in t e r f a c e  F .
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In te r fa c e
N a m e
In v o lv e d
F u n ctio n
E n tit ie s
In te r fa c e
T y p e
In terp re ta tio  
n to  the B -  
I S D N  
In te r fa c e
F u n c t io n  D e sc r ip t io n
A S A T - M C S V irtu a l U N I
Q .2 9 3 1  s ig n a l l in g , m o b ility  
co n tro l, r a d io  c o n n e c tio n  c o n tro l
B M C S -  G T W V irtu a l N N I
N N I  s ig n a llin g , m o b ility  co n tro l, 
r a d io  co n n e c tio n  co n tro l
C S A T - P /L P h y sic a l -
R e so u rc e  m a n a g e m e n t an d  r a d io  
tr a n sm iss io n /re c e p tio n  c o n tro l.
D M C S - P /L P h y s ic a l -
R e so u rc e  m a n a g e m e n t an d  r a d io  
tr a n sm iss io n /re c e p tio n  an d  
o a v lo a d  co n tro l.
E G T W - P /L P h y sic a l -
R e so u rc e  m a n a g e m e n t an d  r a d io  
tr a n sm iss io n /re c e p tio n  co n tro l.
F G T W - A T M P h y sic a l N N I
N N I  s ig n a l l in g , IW F  fu n c tio n , 
m o b ility  m a n a g e m e n t .
0 S A T - G T W V irtu a l - -
T a b l e  4 - 2  D e f i n i t i o n s  a n d  p r o t o c o l  f u n c t i o n s  o f  A T M - s a t e l l i t e  n e t w o r k  i n t e r f a c e s .
I n t e r f a c e s  C ,  E  a n d  D  a r e  b e t w e e n  th e  S A T / G T W / M C S  a n d  p a y l o a d .  T h e y  c o - o r d i n a t e  th e  
l o w e r  l a y e r  f u n c t i o n s  r e l a t e d  t o  r e s o u r c e  r e q u e s t s ,  a l l o c a t i o n  a n d  r e l e a s e  p l u s  s o m e  o t h e r s  a n d  
h a v e  p h y s i c a l  l a y e r  a n d  M A C  l a y e r  s i g n a l l i n g  c o m m u n i c a t i o n s .
4.3.3 Network Protocol Architecture
B a s e d  o n  th e  r e f e r e n c e  i n t e r f a c e s  d e f i n e d  a b o v e ,  a  n e t w o r k  s i g n a l l i n g  p r o t o c o l  a r c h i t e c t u r e  is  
p r o p o s e d .  A  d e s i g n  o f  th e  A T M - s a t e l l i t e  s i g n a l l i n g  p r o t o c o l  a r c h i t e c t u r e  m a in ly  a d d r e s s e s  
t h r e e  s i g n a l l i n g  i s s u e s .  T h e y  a r e :
•  th e  c o m m u n i c a t i o n  b e t w e e n  f u n c t i o n a l  e n t i t i e s  in  s u p p o r t  o f  m o b i l i t y  p r o c e d u r e s ,
® th e  r o u t i n g  o f  s i g n a l l i n g  m e s s a g e s ,
•  th e  r a d i o  c o n n e c t io n  m a n a g e m e n t  r e l a t e d  f e a t u r e s  s u c h  a s  l o g i c  l in k  c o n t r o l ,  M A C  
a n d  h a n d o v e r .
Control Plane
F i g u r e  4 - 7  s h o w s  th e  p r o t o c o l  a r c h i t e c t u r e  o f  th e  c o n t r o l  p l a n e .  In  t h i s  c o n t r o l  p l a n e ,  th e  r a d i o  
c o n n e c t i o n  s e t - u p ,  m a i n t e n a n c e  a n d  r e l e a s e  f u n c t i o n s  a r e  c o m p l e t e d  b y  th e  s i g n a l l i n g  
e x c h a n g e s  a m o n g s t  S A T ,  M C S  a n d  G T W . B u t  th e  R C L  l a y e r  s i g n a l l i n g  r e q u e s t s  t h e  s e r v i c e s  
f r o m  th e  M A C  l a y e r  in  w h ic h  s i g n a l l i n g  i n t e r a c t s  b e t w e e n  S A T ,  M C S ,  G T W  a n d  T R M .  T h e  
r e s o u r c e  a l l o c a t i o n  r e l a t e d  s i g n a l l i n g  i s  t e r m in a t e d  a t  th e  s a t e l l i t e  T R M .
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I t  i s  s e e n  th a t  th e  A T M  a n d  A A L  l a y e r  p r o t o c o l s  o f  th e  u s e r  t e r m i n a l s  c o m p l y  w ith  th e  A T M  
s t a n d a r d s .  Q . 2 9 3 1 +M p r o t o c o l  h a s  m o b i l i t y  p r o t o c o l s  th a t  a r e  im p le m e n t e d  w ith in  th e  s a t e l l i t e  
n e t w o r k  a n d  a r e  t e r m in a t e d  a t  t h e  I W F  o f  G T W . B e c a u s e  th e  U N I  l i e s  l o g i c a l l y  b e t w e e n  th e  
S A T  a n d  t h e  M C S ,  M C S  Q .2 9 3 1 +M h a n d l e s  th e  c a l l  h a n d l in g  f u n c t i o n s  m e a n w h i le .
F i g u r e  4 - 7  A T M - s a t e l l i t e  p r o t o c o l  a r c h i t e c t u r e — C o n t r o l  p l a n e .
User Plane
T h e  p r o t o c o l  a r c h i t e c t u r e  o f  th e  u s e r  p l a n e  i s  s h o w n  in  F i g u r e  4 - 8 .  U s e r  p l a n e  in f o r m a t io n  
t r a n s m i s s i o n s  a r e  m a in ly  c o n d u c t e d  b e t w e e n  th e  S A T  a n d  G T W , b a s e d  o n  th e  L L C  l a y e r .  T h e  
e n c a p s u l a t e d  A T M  p a c k e t s  r a t h e r  th a n  A T M  c e l l s  a r e  t r a n s m it t e d  o n  th e  v i r t u a l  c o n n e c t io n  
b e t w e e n  S A T  a n d  G T W . T h e  e n c a p s u l a t e d  A T M  p a c k e t  i s  a c t u a l l y  a n  A T M  c e l l  w ith  a  
h e a d e r  a d d e d  f r o m  th e  L L C  a n d  R L C  l a y e r .  T h e  u s e r  p l a n e  A T M  l a y e r  t r a n s m i s s i o n  a l s o  
r e l i e s  o n  s e r v i c e s  f r o m  th e  M A C  l a y e r  t o  a d j u s t  th e  u s e r ’ s  s h o r t  t e r m  r e s o u r c e  r e q u i r e m e n t s  
a n d  r e s o u r c e  a l l o c a t i o n ,  e s p e c i a l l y  in  th e  c a s e  o f  s e m i- p e r m a n e n t  c o n n e c t i o n s .  T h e  A A L  l a y e r  
p e e r  c o n n e c t i o n  l i e s  d i r e c t ly  b e t w e e n  th e  S A T  a n d  th e  f i x e d  A T M  e n d - u s e r .
Application
AAL
ATM
RLC & LLC
MAC
PHY
MAC
PHY
/
ATM
/
RLC& LLC
MAC PHY
PHY /
IWF
Application
AAL
ATM
PHY
S A T  P / L  G T W
Figure 4-8 ATM-satellite protocol architecture—User plane.
A T M  S w itc h
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Mobility Plane
In  a d d i t i o n  t o  t h e  u s e r  a n d  c o n t r o l  p l a n e s ,  a  m o b i l i t y  m a n a g e m e n t  ( M M )  p l a n e  i s  a l s o  
in t r o d u c e d .  T h e  M M  p l a n e  i s  s p e c i f i c a l l y  d e d i c a t e d  t o  th e  h a n d l i n g  o f  p r o c e d u r e s  c o n c e r n i n g  
p e r s o n a l  m o b i l i t y .  W e  a s s u m e  th a t  th e  V L R  r e s i d e s  w ith  th e  M C S  a n d  a n  i n t e r f a c e  i s  
p r o v i d e d  b e t w e e n  th e  M C S  a n d  H L R  f o r  th e  M C S  to  r e q u e s t  n e c e s s a r y  s u b s c r i b e r s ’ 
i n f o r m a t i o n .  T h e  m o b i l i t y  r e l a t e d  f u n c t i o n  i s  a c t u a l l y  m a n a g e d  b y  th e  M C S ,  H L R  a n d  G T W . 
T h e  G T W  f i l t e r s  m e s s a g e s  s u b m i t t e d  b y  th e  Q .2 9 3 1  a n d  g e n e r a t e s  s e c u r i t y  a n d  u s e r  l o c a t i o n  
r e l a t e d  m o b i l i t y  s i g n a l l i n g  m e s s a g e s .  I t  c o - o p e r a t e s  w ith  th e  H L R  a n d  M C S  to  d e l i v e r  
i n c o m in g  c a l l s  to  c a l l e d  m o b i l e  u s e r s .  T h e  M C S  t e r m in a t e s  th e  m o b i l i t y  r e l a t e d  s i g n a l l i n g  
f r o m  th e  S A T  a n d  o b t a i n s  s u b s c r i b e r s ’ d a t a b a s e  in f o r m a t io n  f r o m  th e  V L R  o r  H L R .  W h e n  a  
m o b i l e  u s e r  r e q u e s t s  t o  c h a n g e  i t s  s u b s c r i p t i o n  d a t a b a s e ,  th e  M M  la y e r  s i g n a l l i n g  w i l l  e n a b l e  
th e  M C S  t o  s e t  u p  a n  e n d - t o - e n d  c o n n e c t io n  b e t w e e n  M C S  a n d  H L R .
...
M M ✓
S A A L ✓
A T M /
R C L /
L L C /
M A C ✓
P H Y /
/
< ---------------------- ► M M
---------------------------------------------------
4 ---------------------► S A A L
< r ---------------------► A T M
< ■ ---------------------►
R C L
< - ---------------------► L L C
P H Y
< r ---------------------► M A C
b.
P H Y /
 ►
 ►
W...................
M M
S A A L
A T M
y
P H Y
SAT M SC/V LR H LR
F i g u r e  4 - 9  A T M - s a t e l l i t e  p r o t o c o l  a r c h i t e c t u r e — M o b i l i t y  p l a n e .
4.3.4 Layered Protocol Functions
T h e  l a y e r e d  p r o t o c o l  f u n c t i o n s  d e c i d e  s e r v i c e s  th a t  c a n  b e  p r o v i d e d  f r o m  e a c h  l a y e r  to  a  
h i g h e r  l a y e r .
4.3.4.1 Physical Layer Protocol Functions
T h e  m a j o r  f u n c t i o n s  o f  th e  p h y s i c a l  l a y e r  in c l u d e  f o r m a t t in g  a n d  t r a n s m i s s i o n / r e c e p t i o n  o f  
u p l i n k  T D M A  a n d  d o w n l i n k  T D M  f r a m e s ,  F E C  e n c o d i n g  a n d  d e c o d i n g ,  m o d u l a t i o n  a n d  
d e m o d u l a t i o n ,  e t c  [ P O D 9 8 ] .  C o m m o n l y  u s e d  F E C  s c h e m e s  f o r  s a t e l l i t e  s y s t e m s  a r e  R e e d  
S o l o m o n  ( R S )  a n d  c o n v o l u t i o n a l  c o d i n g .  T h e  Q P S K  i s  th e  u s u a l l y  u s e d  m o d u l a t i o n  s c h e m e .
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T h e  s a t e l l i t e  r a d i o  l in k  c h a n n e l s  a r e  u s u a l l y  o r g a n i s e d  in t o  s e v e r a l  f r a m e  l e v e l s  e .g .  f r a m e ,  
m u l t i - f r a m e  a n d  s u p e r - f r a m e .  T h e s e  f r a m e s  a r e  f u r t h e r  o r g a n i s e d  t o  d i f f e r e n t  l o g i c a l  c h a n n e l s  
f o r  t r a n s m i s s i o n  o f  d i f f e r e n t  s i g n a l l i n g  a n d  d a t a  t r a f f i c .  T h e  f u l l  t r a n s m i s s i o n  r a t e  a t  th e  
p h y s i c a l  l a y e r  i s  m a in ly  d e t e r m in e d  b y  th e  s y s t e m  b a n d w id t h .
T h e  s a t e l l i t e  b a n d w id t h  i s  a  l i m i t e d  r e s o u r c e .  T y p i c a l  c a r r i e r  f r e q u e n c i e s  f o r  c u r r e n t  f i x e d  
p o in t - t o - p o in t  s a t e l l i t e  s e r v i c e s  a r e  6 / 4  G H z  ( C  b a n d )  a n d  1 4 /1 2  G H z  ( K u  b a n d ) .  T r a d i t i o n a l  
C  a n d  K u - b a n d  t r a n s p o n d e r  b a n d w id t h s  a r e  3 6  M H z  a n d  7 2  M H z  [ Z H A 9 7 ] .  T o  s u p p o r t  
m u l t i m e d i a  s e r v i c e s ,  t h e  n e e d  f o r  a  l a r g e r  b a n d w id t h  h a s  p u s h e d  th e  s a t e l l i t e  s y s t e m s  to  m o v e  
u p  t o  a  h ig h  f r e q u e n c y  o f  3 0 / 2 0  G H z  K a - b a n d .  F o r  e x a m p l e ,  th e  A C T S  p r o je c t ,  S E C O M S ,  
( a n d  i t s  f o l l o w - u p  c o m m e r c i a l  s y s t e m  E u r o S k y W a y )  o p e r a t e s  a t  K a - b a n d  a n d  E H F  b a n d  
( 4 0 / 5 0  G H z ) .  I t s  p r o p o s e d  f r a m e  s t r u c t u r e  i s  s h o w n  in  F i g u r e  4 - 1 0 .  T h e  f u l l  t r a n s m i s s i o n  r a t e  
c a n  r e a c h  u p  to  2 . 0 4 8 M b p s  o n  th e  u p l i n k  a n d  3 2 . 7 6 8 M b p s  o n  th e  d o w n l in k .  T h e  f o r w a r d  
e r r o r  c o n t r o l  e n c o d e r  p r o v i d e s  R e e d  S o l o m o n  ( R S )  ( 8 0 ,  6 4 )  e n c o d i n g  a n d  d i f f e r e n t i a l  
e n c o d i n g  o f  a l l  f r a m e  u n i t s .
Superframe
Multiframe
Frame
Frame Unit
1 0 6 0  m s
1 2 3 4
80 bytes
... *—  ( 2 6 .5 / n  )  m s  .................
1 2 3 4
2 6 5  n 
5 6 7 8 9 1 0
............-...........  2 6 .5  m s  ...............................
1 2 3 4 5 6 7 8 9 1 0
S A T - A  n = I 0  
S A T - B  n = 3 2
F i g u r e  4 - 1 0  S E C O M S  c h a n n e l  f r a m e  s t r u c t u r e .
4.3.4.2 Multiple Access Layer Protocol Functions
T h e  M A C  l a y e r  d e a l s  m a in ly  w ith  r e s o u r c e ,  m u l t i p l e x in g  a n d  c o l l i s i o n  r e s o l u t i o n  r e l a t e d  
f u n c t i o n s .  T h e s e  f u n c t i o n s  in c lu d e :
•  I n i t i a l  a c c e s s ,
•  O u t - o f - b a n d  c h a n n e l  r e s e r v a t i o n ,
•  M a n a g e m e n t  o f  t r a n s m i s s i o n  m o d e s ,
•  R e c o r d i n g  a n d  u p d a t i n g  a s s i g n m e n t  in f o r m a t io n  o f  e a c h  a c t i v e  c o n n e c t i o n ,
® R e s o l u t i o n  o f  c o l l i s i o n  a n d  r e t r a n s m i s s i o n ,
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•  M u l t i p l e x i n g  a n d  D e - m u l t i p l e x i n g .
T h e  t e r m in a l  u s e s  a n  in i t i a l  a c c e s s  w h e n  i t  g e n e r a t e s  a  n e w  c a l l  a n d  t r i e s  t o  e s t a b l i s h  a  n e w  
c o n n e c t i o n  v i a  th e  s a t e l l i t e  n e t w o r k .  D u r i n g  t h e  c o m m u n i c a t i o n ,  it  a l s o  p e r f o r m s  o u t - o f - b a n d  
c h a n n e l  r e s e r v a t i o n  w h e n  e x t r a  b a n d w id t h  i s  n e e d e d .
A n  in - d e p t h  s t u d y  o f  m u l t ip le  a c c e s s  s c h e m e s  a n d  th e  M A C  s c h e m e  p r o p o s e d  f o r  A T M -  
s a t e l l i t e  s y s t e m  w il l  b e  p r e s e n t e d  in  c h a p t e r  5 .
4.3.4.3 Logical Link Control Layer Protocol Function
T h e  L L C  c a n  p r o v i d e  a  r e l i a b l e  o n  th e  r a d i o  c o n n e c t io n .  It  p e r f o r m s  e r r o r  d e t e c t io n  a n d  
c o r r e c t io n  u s i n g  C R C  ( C y c l i c  R e d u n d a n c y  C h e c k ) .  T h o s e  c o r r u p t e d  p a c k e t s  th a t  c a n n o t  b e  
c o r r e c t e d  b y  C R C  w i l l  b e  r e c o v e r e d  b y  A R Q  r e t r a n s m i s s i o n .  In  a d d i t i o n ,  L L C  i s  a l s o  
d e s i g n e d  to  p r o v i d e  a  r e l a x e d  r e l i a b l e  t r a n s m i s s i o n  in  A T M - s a t e l l i t e  s y s t e m .  A  m o d i f i e d  
s e l e c t i v e  r e p e a t  A R Q  s c h e m e  ( S R  A R Q ) ,  n a m e d  a s  th e  r e l i a b i l i t y - d e p e n d e n t  S R  A R Q  
d i s c u s s e d  in  C h a p t e r  6 ,  i s  u s e d  a t  t h i s  l a y e r  to  c o p e  w ith  i n e f f i c i e n c y  o f  th e  c o n v e n t io n a l  S R  
A R Q .  T h e  p r o p o s e d  p r o t o c o l  a l s o  h a s  a n  a d a p t i v e  t im e r  m e c h a n i s m .  T h e  m a j o r  l o g i c  l in k  
l a y e r  f u n c t i o n s  in c lu d e :
°  S a t e l l i t e  p a c k e t  h e a d e r  e n c a p s u l a t i o n / e x t r a c t i o n ,
•  E r r o r  d e t e c t io n  a n d  c o r r e c t io n ,  A R Q .
•  C e l l  s e q u e n c e  o r d e r in g ,
«* D e t e c t i o n  o f  t r a n s m i s s i o n  a n d  o p e r a t i o n a l  e r r o r s  o n  a  l in k  c o n n e c t i o n ,
•  R e c o v e r y  f r o m  d e t e c t e d  e r r o r s ,
0 F l o w  c o n t r o l .
T h e  p a c k e t  s t r u c t u r e  a t  t h e  L L C  l a y e r  i s  a s s u m e d  t o  b e  s i m i l a r  t o  th e  H ig h - l e v e l  D L C  
( H D L C )  p a c k e t  s t r u c t u r e  b u t  c o n t a i n s  d i f f e r e n t  h e a d e r  in f o r m a t io n .  T h e  p a c k e t  s t r u c t u r e  i s  
s h o w n  in  F i g u r e  4 - 1 1 .  T h e  c o n t a i n e d  i n f o r m a t i o n  e l e m e n t s  s h o u ld  i n c l u d e  C o n n e c t i o n  
I d e n t i f i e r  ( C I ) ,  R a d i o  c o n t r o l  l a y e r  M e s s a g e  T y p e  ( R M T ) ,  I n - B a n d  R e s o u r c e  R e q u e s t  ( I B R R ) ,  
th e  N t h  P a c k e t  R e t r a n s m i s s i o n  ( N P R ) ,  P a c k e t  S e q u e n c e  C o n t r o l  ( P S C ) ,  A T M  c e l l  a n d  C R C .  
C I  u n i q u e l y  i d e n t i f i e s  o n e  l o g i c a l  l in k  b e t w e e n  s o u r c e  a n d  d e s t i n a t i o n .  R M T  i n d i c a t e s  
w h e t h e r  th e  c a r r i e d  p a y l o a d  i s  L L C  l a y e r  s i g n a l l i n g  m e s s a g e  o r  u s e r  d a t a .  I B R R  i s  u s e d  to  
r e s e r v e  u p l i n k  r e s o u r c e  a n d  N P R  g i v e s  th e  n u m b e r  o f  t i m e s  th a t  th e  c u r r e n t  p a c k e t  h a s  b e e n  
t r a n s m i t t e d  f r o m  th e  s e n d e r .  P S C  f i e l d  i s  th e  s a m e  a s  th e  c o n t r o l  f i e l d  in  H D L C  f r a m e .  It 
m a in ly  i n c l u d e s  s e n d - p a c k e t  s e q u e n c e  n u m b e r  a n d  r e c e iv e - p a c k e t  s e q u e n c e  n u m b e r .
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CI R M l XBRR NPR iip s c ATM Cell CRC
Satellite network header
F i g u r e  4 - 1 1  E x t e n d e d  A T M  p a c k e t  s t r u c t u r e  f o r  t r a n s m i s s i o n  o n  m o b i l e  s a t e l l i t e  l in k .
4.3.4.4 Radio Connection Control Layer Protocol Functions
T h e  r a d i o  c o n n e c t io n  c o n t r o l  l a y e r  p e r f o r m s  c o n n e c t io n  m a n a g e m e n t  f u n c t i o n s  t o  s e t  u p ,  
r e l e a s e  a n d  m a in t a in  r a d i o  c o n n e c t i o n s  f o r  s i g n a l l i n g  o r  d a t a  t r a f f i c .  I t  i s  a l s o  in  c h a r g e  o f  
c o n t r o l l i n g  r e q u i r e m e n t s  a n d  r e l e a s e  o f  th e  c h a n n e l  r e s o u r c e .  It  d e t e r m i n e s  th e  p r o t o c o l  
o p e r a t i o n  m o d e  a n d  o p e r a t i o n  p a r a m e t e r s  o f  th e  L L C  a n d  M A C  l a y e r  f o r  e a c h  a p p l i c a t i o n  
a c c o r d i n g  t o  i t s  s e r v i c e  t y p e s ,  Q o S  r e q u i r e m e n t s  a n d  s e n d s  o p e r a t io n  i n s t r u c t io n s  to  th e  L L C  
a n d  M A C  la y e r .  I t  s h o u l d  b e  n o t e d  th a t  t h i s  l a y e r  h a s  s o m e  m o b i l i t y  r e l a t e d  f u n c t i o n s  s u c h  a s  
p a g i n g  a n d  h a n d o v e r .  O n e  o f  th e  r e a s o n s  t o  l o c a t e  t h e s e  f u n c t i o n s  a t  th e  R C L  l a y e r  i s  th e  a i m  
t o  p r o v i d e  a  s m o o t h  h a n d o v e r  a n d  c o n t i n u o u s  r a d i o  c o n n e c t i o n  to  th e  A T M  la y e r .  A  l i s t  o f  th e  
R C L  l a y e r  f u n c t io n  i s  g i v e n  b e l o w :
°  C o n n e c t i o n  C o n t r o l ,
°  R e s o u r c e  a n d  t r a f f i c  M a n a g e m e n t ,
0 P a g i n g  p r o c e s s ,
•  H a n d o v e r ,
°  A t t a c h /  D e t a c h  p r o c e d u r e .
A n  in - b a n d  c h a n n e l  r e s e r v a t i o n  f u n c t io n  i s  p r o v i d e d  a t  t h i s  l a y e r  f o r  th e  S A T  t o  s e n d  a  
r e q u e s t  to  p r o l o n g  a l l o w e d  t r a n s m i s s i o n  t i m e  o r  t o  r e q u e s t  e x t r a  c h a n n e l  r e s o u r c e s .  T h i s  i s  
p e r f o r m e d  b y  a p p r o p r i a t e l y  s e t t i n g  th e  I B R R  r e q u e s t  f i e l d  i n s i d e  th e  e x t e n d e d  s a t e l l i t e  A T M  
p a c k e t .  T h e  I B R R  i s  a  f i e l d  w ith  a  le n g t h  o f  f e w  b i t s  to  k e e p  th e  p a c k e t  h e a d e r  l ig h t .
4.3.4.5 Q.2931+M1 Layer Protocol Functions
T h e  Q . 2 9 3 1 +m i s  r e s p o n s i b l e  f o r  p r o v i d i n g  c a l l  c o n t r o l  s e r v i c e s  w ith  s e t - u p ,  m a i n t e n a n c e  a n d  
r e l e a s e  o f  e i t h e r  a  m o b i l e  o r i g i n a t e d  o r  a  m o b i l e  t e r m in a t e d  c a l l ,  w h ic h  c a n  b e  a  p o in t - t o - p o in t  
c a l l  o r  a  p o in t - t o - m u l t ip o in t  c a l l .  Q . 2 9 3 1 +tvI a l s o  p r o v i d e s  th e  m o b i l e  A T M  u s e r  t e r m in a l  
m o b i l i t y  s e r v i c e s  c o m p l e t e l y  t r a n s p a r e n t  t o  th e  A T M  s w i t c h i n g  p o in t  t o  w h ic h  th e  u s e r  i s  
c o n n e c t e d .
1 Q .2 9 3 1 +M is  a  m o b ility  e n h a n ce d  Q .2 9 3 1  p ro to c o l.
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F o r  c a l l  c o n t r o l  a s p e c t s ,  Q . 2 9 3 1 +M u t i l i s e s  m o s t  o f  th e  Q .2 9 3 1  p r o t o c o l  f u n c t i o n  a n d  s h o u l d  
p r o v i d e  th e  f o l l o w i n g  s e r v i c e s :
o C a l l  s e t - u p  a n d  r e l e a s e ,  
o C a l l  p a r a m e t e r s  u p d a t i n g ,  
o C a l l  m a n a g e m e n t  p r o c e d u r e ,
°  R e l a t e d  r e s o u r c e  a n d  t r a f f i c  m a n a g e m e n t ,  
o R o u t i n g  m a n a g e m e n t .
In  a d d i t i o n  t o  th e  Q .2 9 3 1  c a l l  c o n t r o l  f u n c t i o n ,  t h e  m o b i l i t y  m a n a g e m e n t  p r o v i d e d  in  
Q . 2 9 3 1 +M h a s  a  r e l a t i v e l y  i n d e p e n d e n t  c o n t r o l  f u n c t i o n  s p e c i f i c a l l y  d e d i c a t e d  to  h a n d l i n g  
p r o c e d u r e s  c o n c e r n i n g  th e  p e r s o n a l  m o b i l i t y  s o  th a t  th e  m o b i l i t y  m a n a g e m e n t  s i g n a l l i n g  c a n  
b e  s e p a r a t e d  f r o m  th e  c a l l  c o n t r o l  s i g n a l l i n g .  T h e  m o b i l i t y  m a n a g e m e n t  f u n c t i o n s  c o n s i d e r e d  
i n c lu d e :
o S e c u r i t y ,  
o A u t h e n t i c a t io n ,  
o L o c a t i o n  U p d a t e ,
°  R e g i s t r a t i o n .
4 . 4  C o n c l u s i o n
In  t h i s  c h a p t e r ,  w e  h a v e  p r o p o s e d  a  n e w  a n d  f u l l y  in t e g r a t e d  A T M - s a t e l l i t e  s i g n a l l i n g  
p r o t o c o l  a r c h i t e c t u r e ,  w h ic h  a c c o u n t s  f o r  m o b i l i t y  o f  A T M  u s e r s .  T h e  p r o p o s e d  in t e g r a t io n  
s c e n a r i o ,  n e t w o r k  c o n n e c t i v i t y ,  p r o t o c o l  r e f e r e n c e  m o d e l  a n d  l a y e r e d  p r o t o c o l  f u n c t i o n s  h a v e  
b e e n  p r e s e n t e d .  T h i s  a r c h i t e c t u r e  w i l l  a c t  a s  a  g e n e r a l  b a s i s  f o r  th e  o v e r a l l  s y s t e m  d e s i g n .  
F u r t h e r  s t u d i e s  o n  m u l t i p l e  a c c e s s  c o n t r o l  a n d  l o g i c  l in k  c o n t r o l  p r o t o c o l ,  a s  w e l l  a s  
c o n n e c t i o n  m a n a g e m e n t  a n d  c a l l  c o n t r o l ,  w i l l  b e  p r e s e n t e d  in  th e  f o l l o w i n g  c h a p t e r s .  W e  w il l  
f o c u s  o n  th e  o p t i m i s a t i o n  o f  t h e s e  p r o t o c o l s  to  p r o v i d e  Q o S - p r o v i s i o n i n g  t r a n s p o r t a t i o n  o f  
A T M  t r a f f i c  o v e r  m o b i l e  s a t e l l i t e  l i n k s  a n d  th e  e n h a n c e m e n t  o f  A T M  s i g n a l l i n g  p r o t o c o l s  to  
in c l u d e  th e  m o b i l i t y  a n d  r a d i o  r e s o u r c e  m a n a g e m e n t .
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C h a p t e r  5  O p t i m i s a t i o n  o f  M A C  P r o t o c o l
In this chapter, we introduce a service-adaptive MAC protocol. The protocol is based on a 
reservation-based demand assignment scheme. The major advantage of this scheme is that it 
offers high channel efficiency. We also propose a semi-permanent signalling protocol for 
conveying signalling traffic. Applying dynamic resource assignment instead of conventional 
fixed resource assignment to signalling traffic is the essence of this scheme. The focus of this 
chapter is on exhibiting performance evaluation and optimisation results of the semi-permanent 
signalling protocol in order to demonstrate its advantages of bandwidth efficiency over other 
schemes.
S . !  I n t r o d u c t i o n
In  o r d e r  to  a c h i e v e  a n  e f f i c i e n t  c o n n e c t io n  m a n a g e m e n t  s c h e m e  t o  s u p p o r t  d i f f e r e n t  A T M  
s e r v i c e s  w ith  a  m in im a l  p r o v i s i o n i n g  o f  s a t e l l i t e  b a n d w id t h ,  th e  M A C  a n d  A R Q  p r o t o c o l s  
n e e d  t o  b e  o p t i m i s e d  t o  a d a p t  f l e x i b l y  w ith  th e  s e r v i c e  t y p e s .  T h i s  i s  b e c a u s e  th a t  c o n n e c t io n  
m a n a g e m e n t  u t i l i s e s  th e  s e r v i c e s  p r o v i d e d  b y  th e  M A C  a n d  A R Q .
S a t e l l i t e  s y s t e m s  h a v e  l im i t e d  b a n d w id t h  r e s o u r c e  a n d  a  f l e x i b l e  a n d  e f f e c t i v e  M A C  p r o t o c o l  
i s  n e e d e d  t o  p r o v i d e  a  w id e  r a n g e  o f  m u l t i m e d i a  s e r v i c e s  a n d  t o  a c h i e v e  h ig h  b a n d w id t h  
u t i l i s a t i o n .  A s  d i s c u s s e d  in  C h a p t e r  3 ,  a  c o m b i n e d  r e s e r v a t i o n / d e m a n d  m u l t i p l e  a c c e s s  h a s  
b e e n  i d e n t i f i e d  a s  a  s u i t a b l e  M A C  s c h e m e  f o r  t h e  A T M - s a t e l l i t e  s y s t e m  b e c a u s e  t h i s  s c h e m e  
c a n  a c h i e v e  h ig h  b a n d w id t h  u t i l i s a t i o n  f o r  b o th  L E O / M E O  a n d  G E O  s a t e l l i t e  s y s t e m .  I t s  
a c c e s s  d e l a y  p e r f o r m a n c e  c a n  a l s o  r e m a in  r e a s o n a b l y  c o m p e t i t i v e .  B a s e d  o n  t h i s  s c h e m e ,  in  
t h i s  c h a p t e r ,  w e  p r e s e n t  a  n e w  s e r v i c e - a d a p t i v e  a s s i g n m e n t - o n - d e m a n d  M A C  p r o t o c o l .
It  h a s  a l s o  b e e n  f o u n d  th a t  a l t h o u g h  th e  r e s e r v a t i o n - b a s e d  d e m a n d  a s s i g n m e n t  a c c e s s  h a s  b e e n  
s t u d i e d  ( s e e ,  f o r  e x a m p l e ,  [ Z E I 9 2 ] [ S A G 9 5 ] [ H U N 9 7 ] ) ,  th e  w o r k  h a s  f o c u s e d  o n  o p t i m i s i n g  
a n d  e v a l u a t i n g  th e  M A C  s c h e m e  f o r  d a t a  t r a f f i c .  V e r y  l i t t le  w o r k  h a s  b e e n  d e v o t e d  to  
o p t i m i s i n g  a n d  e v a l u a t i n g  th e  M A C  s c h e m e  to  th e  q u a l i t y  o f  th e  s i g n a l l i n g  t r a f f i c .  T h e  
r e s o u r c e  a l l o c a t i o n  s c h e m e  h a s  c o n v e n t io n a l l y  u s e d  a  f i x e d  r e s o u r c e  a s s i g n m e n t  f o r  s a t e l l i t e  
s y s t e m s .  T h e  f i x e d  r e s o u r c e  a s s i g n m e n t  f o r  s i g n a l l i n g  t r a f f i c  i s  u s e f u l  in  v i e w  o f  th e  s p e c i a l  
r e q u i r e m e n t s  f o r  r e g u l a r  e x c h a n g e  o f  s i g n a l l i n g  m e s s a g e s ,  s t r in g e n t  r e q u i r e m e n t s  o n  
s i g n a l l i n g  d e l a y  a n d  m i n i m i s a t i o n  o f  s i g n a l l i n g  f a i l u r e .  H o w e v e r ,  th e  s i g n a l l i n g  t r a f f i c  h a s  
s t r o n g  o n - o f f  c h a r a c t e r i s t i c s  a n d  s h o r t  b u r s t  l e n g t h  in  s a t e l l i t e  s y s t e m s .  T h u s  th e  s i g n a l l i n g  
c h a n n e l  s t a y s  i d le  d u r in g  m o s t  o f  th e  s i g n a l l i n g  p e r i o d s ,  r e s u l t i n g  in  b a n d w id t h  w a s t a g e .  T h i s  
s i t u a t i o n  i s  e v e n  w o r s e  f o r  a  G E O  s a t e l l i t e  s y s t e m  w ith  a  d e l a y  o f  2 5 0 m s .
D u e  to  th e  e x p e n s i v e  s a t e l l i t e  b a n d w id t h ,  a  h ig h  b a n d w id t h  u t i l i s a t i o n  a n d  h ig h  t h r o u g h p u t  
a r e  a l s o  s t r o n g l y  d e s i r e d  o n  s i g n a l l i n g  c o n n e c t i o n s .  H e n c e  in  t h i s  c h a p t e r  w e  a l s o  e x a m i n e
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a p p l i c a t i o n s  o f  th e  r e s e r v a t i o n / d e m a n d  M A C  p r o t o c o l  to  th e  s i g n a l l i n g  t r a f f i c .  S u c h  a n  
a p p l i c a t i o n  i m p o s e s  a  r e q u i r e m e n t  t o  s l i g h t l y  m o d i f y  s i g n a l l i n g  p r o c e d u r e s  in  o r d e r  t o  
i n c o r p o r a t e  th e  p r o p o s e d  M A C  p r o c e d u r e .  T h u s  a  s i g n a l l i n g  p r o t o c o l  th a t  u s e s  th e  p r o p o s e d  
M A C  p r o c e d u r e  i s  c a l l e d  “ S e m i- P e r m a n e n t  S i g n a l l i n g  P r o t o c o l  ( S P S P ) ”  in  t h i s  w o r k .
T h i s  C h a p t e r  i s  d e v o t e d  t o  o p t i m i s a t i o n  o f  th e  S P S P  o n  b o th  a n  e r r o r - f r e e  c h a n n e l  a n d  a  
m o b i l e  f a d i n g  c h a n n e l .  B y  e v a l u a t i n g  p e r f o r m a n c e  o f  th e  S P S P  a n d  a d d r e s s i n g  i t s  i m p a c t s  o n  
s i g n a l l i n g  d e l a y  a n d  s i g n a l l i n g  f a i l u r e  p r o b a b i l i t y ,  w e  a i m  to  d e m o n s t r a t e  i m p r o v e m e n t s  in  
c h a n n e l  u t i l i z a t i o n  a n d  s y s t e m  c a p a c i t y  in  th e  p r e s e n c e  o f  c h a n n e l  f a d i n g  f o r  th e  n e w  S P S P  
s c h e m e .
5 . 2  M A C  P r o t o c o l  f o r  A T M - S a t e l l i t e
5.2.1 Frame Structure
T h e  f r a m e  s t r u c t u r e  o f  th e  M A C  p r o t o c o l  t o  b e  c o n s i d e r e d  in  t h i s  w o r k  i s  s h o w n  in  F i g u r e  
5 - 1 .  T h e  u p l i n k  p h y s i c a l  c h a n n e l  i s  a  T D M A  b a s e d .  E a c h  T D M A  f r a m e  h a s  F  t i m e s l o t s  a n d  i s  
s u b d i v i d e d  in to  u p l in k  s y n c h r o n i s a t i o n  c h a n n e l s  ( U S C ) ,  r e s o u r c e  r e s e r v a t i o n  c h a n n e l s  ( R R C )  
a n d  t r a f f i c  c h a n n e l s  ( T C H ) .  T h e  R R C  l o g i c a l  c h a n n e l  c o m p r i s e s  L  t i m e s l o t s ,  e a c h  f u r t h e r  
s u b d i v i d e d  in to  V  m i n i s l o t s .  E a c h  m i n i s l o t  h o l d s  a  r e s e r v a t io n  r e q u e s t  p a c k e t  w ith  a  s i z e  
n o r m a l ly  b e t w e e n  1 0 - 2 0  b y t e s  [ P E T 9 6 ] .  T h e  L V  m i n i s l o t s  in  th e  R R C  c h a n n e l  a r e  s lo t t e d  
A l o h a  c h a n n e l s  s o  th a t  th e  p a c k e t  c o l l i s i o n  m a y  o c c u r  d u e  to  c o n t e n t io n .  T h e  R R C  c h a n n e l  
c a n  b e  d i v i d e d  in t o  t w o  g r o u p s ,  o n e  i s  f o r  u s e r  a c c e s s  a n d  th e  o t h e r  i s  f o r  r e s o u r c e  r e s e r v a t i o n .  
T h e r e  a r e  F - L  d a t a  s l o t s  in  th e  T C H  c h a n n e l ,  e a c h  h o ld in g  o n e  d a t a  p a c k e t  w it h in  th e  
e x t e n d e d  A T M - p a c k e t - s i z e  s l o t s  f o r  t r a n s m i s s i o n  o f  u s e r  in f o r m a t io n .  T h e  b o u n d a r y  b e t w e e n  
r e s e r v a t i o n  s l o t s  a n d  d a t a  s l o t s  i s  m o v a b l e  a c c o r d i n g  t o  th e  t r a f f i c  v o l u m e .  I f  n e e d e d ,  th e  
n e t w o r k  c o n t r o l l e r  c a n  c o n v e r t  a  d a t a  s l o t  in to  a  r e s e r v a t i o n  s l o t  w ith  V  m i n i s l o t s .
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USC : Uplink Synchronisation Channel
RRC: Resource Reservation Channel
TCH: Traffic Channel
DSC: Downlink Synchronisation Channel
RAC: Resource Assignment Channel
FC: Feedback Channel
CSC: Common Signalling Channel
Figure 5-1 The basic frame structure of the reservation/demand MAC protocol.
The downlink (DL) channel contains five types of logical channels, downlink synchronisation 
channel (DSC), resource assignment channel (RAC), feedback channel (FC), common 
signalling channel (CSC) and traffic channel (TCH). The FC channel also comprises LV 
minislots with a size similar to resource request message. Each FC minislot contains the 
feedback information regarding success or collision of each RRC minislot. If the information 
obtained from the FC minislots indicates that a collision occurs in the minislot in which the 
last request is sent, the mobile terminal will resend the last resource request packet. The RAC 
channel contains the resource assignment message sent to a user who requests the resource. 
RAC channel carries a number of successful assignments made by the Traffic Resource 
Manager (TRM) every frame. The size of the resource assignment message is determined by
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th e  a m o u n t  o f  in f o r m a t i o n  i n c lu d e d  b u t  i s  e x p e c t e d  t o  b e  s m a l l e r  th a n  t h e  T C H  s i z e .  T h e  U S C  
a n d  D S C  p r o v i d e  s y n c h r o n i s a t i o n  i n f o r m a t io n .  W e  a s s u m e  th a t  a l l  th e  m o b i l e  t e r m i n a l s  a r e  
s y n c h r o n i s e d  w ith  r e s p e c t  t o  m i n i s l o t ,  t i m e  s l o t  a n d  f r a m e  b o u n d a r i e s .
T h r e e  b o u n d a r i e s  a r e  d e f i n e d ,  o n e  b e t w e e n  th e  R R C  c h a n n e l  a n d  th e  T C H  c h a n n e l ,  o n e  
b e t w e e n  R A C  c h a n n e l  a n d  T C H  c h a n n e l  a n d  o n e  b e t w e e n  F C  a n d  T C H  c h a n n e l .  T h e s e  
b o u n d a r i e s  a r e  m o v a b l e  s o  a s  t o  a d a p t  to  c h a n n e l  l o a d  c o n d i t i o n s  a n d  a c h i e v e  m a x i m u m  
c h a n n e l  e f f i c i e n c y .  T h e  s u g g e s t e d  p a c k e t  f o r m a t s  f o r  R R C ,  R A C ,  F C  a n d  T C H  c h a n n e l s  a r e  
g i v e n  in  F i g u r e  5 - 2 .
T r a f f i c R e q u e s t N u m b e r  o f R e a s o n  fo r O th e r C R C
ty p e ID c h a n n e ls  r e q u ire d r e q u e s t
R A C R e q u e s t N u m b e r  o f H o ld in g A s s ig n m e n t O th e r C R C
ID c h a n n e ls  a s s i g n e d D u r a t io n d e ta i l s
R R C R e s u l t  o f  a c c e s s C o l l i s io n  r e so lu t io n O th e r C R C
m in is lo t  ID c o n te n t io n in s t ru c t io n s
F i g u r e  5 - 2  M a j o r  m e s s a g e  e l e m e n t s  f o r  R R C ,  R A C ,  F C  a n d  T C H  c h a n n e l s .
5.2.2 Request Methods
A  r e s o u r c e  r e q u e s t  i s  in i t i a t e d  in  t h r e e  c a s e s .  I t  i s  g e n e r a t e d  a t  th e  in i t i a l  a c c e s s  d u e  t o  a  c a l l  
s e t - u p  o r  a  h a n d o v e r  r e q u e s t .  A  r e s o u r c e  r e q u e s t  c o u l d  a l s o  b e  g e n e r a t e d  in - c a l l  w h e n  th e  
t e r m in a l  b u f f e r  o v e r f l o w  i s  d e t e c t e d  in  o r d e r  t o  o b t a in  m o r e  c h a n n e l  r e s o u r c e .  F o r  s o m e  n o n -  
r e a l  t im e  s e r v i c e s  th a t  d o  n o t  h o ld  a  f i x e d  a s s i g n e d  c h a n n e l ,  a  r e s o u r c e  r e q u e s t  h a s  t o  b e  m a d e  
e v e r y  t im e  w h e n  n e w  d a t e  p a c k e t s  a r e  g e n e r a t e d .
T h e r e  a r e  t w o  s t r a t e g i e s  f o r  a  t e r m in a l  t o  s e n d  i t s  r e s o u r c e  r e s e r v a t i o n ,  r a n d o m  a c c e s s  ( R A )  
a n d  p i g g y b a c k  ( P B ) .  T h e  R A  s t r a t e g y  r e q u e s t s  th e  u s e r  to  s e n d  a n  o u t - o f - b a n d  r e q u e s t  in  a  
m i n i s l o t  o f  th e  R R C  c h a n n e l .  C o l l i s i o n  i n f o r m a t i o n  o f  th e  R R C  m i n i s l o t  i s  b r o a d c a s t  in  th e  
d o w n l i n k  F C  c h a n n e l .  C o l l i d e d  r e q u e s t s  o n  t h e  r e s e r v a t i o n  c h a n n e l  w i l l  b e  r e t r a n s m i t t e d  a f t e r  
a  b a c k l o g  r a n d o m i s a t i o n  d e l a y .  T h e  P B  s t r a t e g y  u t i l i s e s  a  m in i  m e s s a g e  e m b e d d e d  in  t h e  u s e r  
d a t a  m e s s a g e .  T h i s  m in i  m e s s a g e  c o n s i s t s  o f  o n ly  a  f e w  b i t s  to  d e c l a r e  h o w  m a n y  s l o t s  it 
n e e d s  in  th e  n e x t  a s s i g n m e n t  o f  T R M .  W h e n  a  m o b i l e  t e r m in a l  a c c e s s e s  th e  n e t w o r k  u s i n g  th e
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R A  s t r a t e g y ,  it  s h o u l d  in c l u d e  a n  I D  in  i t s  r e q u e s t ,  a n d  th e  n e t w o r k  u s e s  t h i s  I D  t o  l a b e l  th e  
a s s i g n m e n t  m e s s a g e .
5.23 Scheduling Algorithm
U p o n  r e c e ip t  o f  a  r e s o u r c e  r e q u e s t ,  th e  T R M  s c h e d u l e s  a l l  th e  p e n d i n g  r e q u e s t s  a c c o r d i n g  to  
t h e i r  p r io r i t y  a n d  u p d a t e s  i t s  r e q u e s t  r e c o r d  ( R C D ) .  T h e  T R M  c o n s i d e r s  th e  f i v e  t y p e s  o f  
t r a f f i c ,  C B R ,  R e a l - t i m e  V B R  ( R t - V B R ) ,  N o n - r t  V B R ,  A B R  a n d  U B R ,  to  h a v e  a  r e q u e s t  
p r i o r i t y  g i v e n  a s  [ S A N 9 7 ] ,
C B R  >  R t - V B R  >  N o n - r t  V B R  >  A B R  >  U B R  ( 5 - 1 )
T h e  T R M  f i r s t  a l l o c a t e s  th e  c h a n n e l s  t o  r e q u e s t s  p e n d i n g  in  t h e  q u e u e .  In  th e  a b s e n c e  o f  s u c h  
r e q u e s t s ,  it  f r e e l y  a s s i g n s  r e m a i n i n g  s l o t s  t o  t e r m i n a l s  a c c o r d i n g  t o  s e r v i c e  p r io r i t y  a n d  th e ir  
Q o S  r e q u i r e m e n t s .  T h e  c h a n n e l s  a r e  a s s i g n e d  d y n a m ic a l l y  b a s e d  o n  a  s l o t - b y - s l o t  b a s i s .  In  th e  
c a s e  o f  l a c k  o f  r e s o u r c e ,  t h e  p e n d i n g  r e q u e s t  w i l l  b e  k e p t  in  th e  b u f f e r  u n t i l  th e  n e x t  
a s s i g n m e n t .
U p o n  s u c c e s s f u l l y  c o m p l e t i n g  a  r e s o u r c e  a s s i g n m e n t ,  th e  T R M  w i l l  u p d a t e  i t s  r e s o u r c e  
a s s i g n m e n t  t a b l e  a n d  s e n d  a n  a s s i g n m e n t  m e s s a g e  t o  th e  t e r m in a l .  T h e  n u m b e r  o f  s l o t s  
a s s i g n e d ,  th e  s l o t  p o s i t i o n s ,  f r e q u e n c i e s  a n d  th e  r e s o u r c e  h o ld in g  t im e ,  a r e  i n c l u d e d  in  th e  
a s s i g n m e n t  m e s s a g e .  T h e  r e s o u r c e  h o l d i n g  t im e  v a r i e s  f r o m  o n e  f r a m e  d u r a t io n  to  th e  w h o le  
c o m m u n i c a t i o n  d u r a t io n .
5.2.4 Service Adaptability
T h e  p r o p o s e d  M A C  s c h e m e  i s  p r o p o s e d  to  p r o v i d e  t h r e e  d i f f e r e n t  r e s o u r c e  r e s e r v a t i o n  a n d  
o b t a i n i n g  m e t h o d s  f o r  a  r a d i o  c o n n e c t i o n .  T h e  f i r s t  o n e  i s  p e r m a n e n t  r e s e r v a t i o n .  T h e  
r e s o u r c e  i s  r e s e r v e d  d u r i n g  th e  c o n n e c t io n  s e t - u p  a n d  r e m a in s  u n c h a n g e d  t h r o u g h o u t  th e  
w h o le  c o m m u n i c a t i o n .  S u c h  a  c o n n e c t io n  c a n  o n ly  u s e  p i g g y b a c k  m e t h o d  to  s l i g h t l y  a d ju s t  
h i s  r e s o u r c e  r e q u e s t .  A  c o n n e c t i o n  th a t  u s e s  p e r m a n e n t  r e s e r v a t i o n  i s  c a l l e d  a  p e r m a n e n t  
c o n n e c t i o n .  T h e  s e c o n d  o n e  i s  s e m i - p e r m a n e n t  r e s e r v a t i o n .  W ith  t h i s  t y p e  o f  r e s e r v a t i o n ,  th e  
r e s o u r c e  i s  r e q u e s t e d  o n ly  w h e n  p a c k e t s  a r e  g e n e r a t e d  d u r i n g  th e  c o m m u n i c a t i o n .  T h e  
r e s e r v e d  c h a n n e l  i s  a l l o c a t e d  f o r  o n ly  a  f i x e d  t im e  in t e r v a l  d e p e n d i n g  o n  th e  s o u r c e  
c h a r a c t e r i s t i c s  a n d  o n  th e  r e s o u r c e  s t a t u s  o f  n e t w o r k .  A  c o n n e c t io n  th a t  u s e s  s e m i- p e r m a n e n t  
r e s e r v a t i o n  i s  c a l l e d  a  s e m i- p e r m a n e n t  c o n n e c t io n .  T h e  l a s t  o n e  i s  m i x e d  r e s e r v a t i o n  th a t  i s  a  
c o m b i n e d  p e r m a n e n t  a n d  s e m i- p e r m a n e n t  r e s e r v a t i o n .  A p a r t  f r o m  th e  r e s e r v a t i o n  m e t h o d ,  th e
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r e s o u r c e  a l l o c a t i o n  i s  a l s o  d e s i g n e d  t o  b e  a d a p t i v e  b a s e d  o n  a  c o n c e p t  o f  e f f e c t i v e  b a n d w id t h  
th a t  w i l l  b e  d i s c u s s e d  in  c h a p t e r  7 .
T h e  M A C  s c h e m e  a d o p t s  d i f f e r e n t  r e s e r v a t i o n  a n d  r e s o u r c e  a l l o c a t i o n  m e t h o d  f o r  d i f f e r e n t  
s e r v i c e  t y p e s .  S e l e c t i o n  o f  th e  r e s e r v a t i o n  m o d e  f o r  C B R ,  V B R ,  U B R  a n d  A B R  s e r v i c e s  
n e e d s  t o  t a k e  in to  c o n s i d e r a t i o n  t h e  s e r v i c e  s o u r c e  c h a r a c t e r i s t i c s  a n d  Q o S  r e q u i r e m e n t s .  T h e  
d e t a i l e d  s e l e c t i o n  s c h e m e  w i l l  b e  s t u d i e d  a n d  p r e s e n t e d  in  C h a p t e r  7 .
A s  h a s  b e e n  m e n t io n e d  in  th e  in t r o d u c t io n ,  s a t e l l i t e  s y s t e m s  h a v e  s o  f a r  a d o p t e d  a  f i x e d  
c h a n n e l  a l l o c a t i o n  s c h e m e  f o r  s i g n a l l i n g  c o n n e c t i o n s .  B u t  s i g n a l l i n g  t r a f f i c  h a s  s t r o n g  o n - o f f  
c h a r a c t e r i s t i c ,  s h o r t  b u r s t  l e n g t h s ,  a n d  c h a n n e l s  th a t  c a r r y  n o  in f o r m a t i o n  f o r  m o s t  o f  th e  
s i g n a l l i n g  p e r i o d  w h ic h  r e s u l t s  in  b a n d w id t h  w a s t a g e .  T h e r e f o r e ,  t h e r e  i s  a  n e e d  to  i m p r o v e  
s a t e l l i t e  c h a n n e l  e f f i c i e n c y  b y  a p p l y i n g  th e  p r o p o s e d  d e m a n d  a s s i g n m e n t  M A C  s c h e m e  to  
s i g n a l l i n g  c o n n e c t i o n s .
H o w e v e r ,  w e  s h o u ld  n o t e  th a t  th e  s i g n a l l i n g  t r a f f i c  d o e s  h a v e  v e r y  d i f f e r e n t  t r a f f i c  s o u r c e  
c h a r a c t e r i s t i c s  a n d  s e r v i c e  q u a l i t y  r e q u i r e m e n t s  f r o m  d a t a  t r a f f i c .  S i g n a l l i n g  t r a f f i c  c a n n o t  b e  
w e l l  r e p r e s e n t e d  b y  th e  t r a f f i c  p a r a m e t e r s  s u c h  a s  P e a k  C e l l  R a t e  ( P C R )  a n d  M i n im u m  C e l l  
R a t e  ( M C R ) .  I t  a l s o  h a s  d i f f e r e n t  s e r v i c e  q u a l i t y  r e q u i r e m e n t s ,  w h ic h  c a n n o t  b e  s u f f i c i e n t l y  
c h a r a c t e r i s e d  b y  th e  Q o S  p a r a m e t e r s  d e f i n e d  t o  c h a r a c t e r i s e  p e r f o r m a n c e  o f  a n  e n d - t o - e n d  
c o n n e c t i o n .  T h e  r e a s o n  i s  th a t  th e  s i g n a l l i n g  t r a f f i c  h a s  s t r in g e n t  r e q u i r e m e n t s  o n  b o th  
s i g n a l l i n g  d e l a y  a n d  s i g n a l l i n g  f a i l u r e  p r o b a b i l i t y .  T h u s  w e  n e e d  t o  i n v e s t i g a t e  t h e  i m p a c t s  o f  
a p p l y i n g  d e m a n d  a s s i g n m e n t  M A C  s c h e m e  o n  s i g n a l l i n g  d e l a y  a n d  s i g n a l l i n g  f a i l u r e  
p e r f o r m a n c e  a n d  t o  v a l i d a t e  f o r  t h e  d e s i r e d  a p p l i c a t i o n .
T h e  d i f f e r e n c e  b e t w e e n  th e  s e m i - p e r m a n e n t  s i g n a l l i n g  p r o t o c o l  a n d  th e  c o n v e n t io n a l  
s i g n a l l i n g  p r o t o c o l ,  w h ic h  u s e s  a  f i x e d  a s s i g n e d  c h a n n e l  t h r o u g h o u t  th e  s i g n a l l i n g  d u r a t io n ,  
m a i n l y  l i e s  in  th e  m e t h o d  o f  s e n d i n g  s i g n a l l i n g  m e s s a g e s  o n  th e  u p l i n k  f r o m  a  m o b i l e  
t e r m in a l  t o  th e  s a t e l l i t e .  T h i s  d i f f e r e n c e  i s  i l l u s t r a t e d  in  F i g u r e  5 - 3  a n d  F i g u r e  5 - 4 .  T h e  
c o n v e n t io n a l  s i g n a l l i n g  p r o t o c o l  i s  r e f e r r e d  t o  a s  “ p e r m a n e n t  s i g n a l l i n g  p r o t o c o l  ( P S P ) ”  in  
t h i s  t h e s i s .
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s e n d e r r e c e i v e r
M e s s a g e  2
t 2  M e s s a g e  2
M e s s a g e  1
t l M e s s a g e  1
-nr
channel permanently assigned 
during signalling connection set-up
F i g u r e  5 - 3  I l l u s t r a t io n  o f  th e  P S P  p r o t o c o l .
sender r e c e i v e r
t 2
F i g u r e  5 - 4  I l l u s t r a t io n  o f  th e  S P S P  p r o t o c o l .
A c c o r d i n g  t o  th e  P S P ,  a  d e d i c a t e d  s i g n a l l i n g  c h a n n e l  w ith  f i x e d  b a n d w id t h  i s  a s s i g n e d  to  a n  
e n d  u s e r .  E v e r y  t im e  w h e n  a  n e w  s i g n a l l i n g  m e s s a g e  i s  g e n e r a t e d ,  th e  p a c k e t s  o f  t h i s  m e s s a g e  
a r e  s e n t  d i r e c t l y  o n  th e  p r e - a s s i g n e d  c h a n n e l .  B u t  in  t h e  S P S P ,  e v e r y  t im e  th a t  n e w  s i g n a l l i n g  
p a c k e t s  a r e  g e n e r a t e d ,  th e  m o b i l e  t e r m in a l  h a s  to  g o  t h r o u g h  a  r e s e r v a t i o n  p r o c e d u r e  t o  o b t a in  
a  n u m b e r  o f  t i m e s l o t s ,  e q u a l  t o  th e  n u m b e r  o f  th e  n e w ly  g e n e r a t e d  s i g n a l l i n g  p a c k e t s ,  b e f o r e  
s e n d i n g  th e  p a c k e t s  t o  th e  c h a n n e l .
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A n  e n d - t o - e n d  s i g n a l l i n g  c o n n e c t io n  c o u l d  i n c l u d e  m a n y  d i f f e r e n t  f u n c t io n  n o d e s  t h a t  m a y  
in v o l v e  s a t e l l i t e  s w i t c h e s ,  G T W  a n d  A T M  s w i t c h e s .  B u t  o n ly  t h e  m o b i l e  l in k  b e t w e e n  th e  
m o b i l e  t e r m in a l  a n d  th e  s a t e l l i t e  i s  c o n s i d e r e d  t o  b e  a  s e m i- p e r m a n e n t  m o d e  a s  s h o w n  in  
F i g u r e  5 - 5 ,  w h e r e in  S A T  i s  s a t e l l i t e - A T M  t e r m in a l  a n d  P / L  i s  s a t e l l i t e  p a y l o a d .  A l l  o t h e r  l in k  
s e g m e n t s  a r e  p e r m a n e n t  m o d e s .  T h i s  i s  b e c a u s e  th e  b a n d w id t h  l im i t a t io n  u s u a l l y  e x p e r i e n c e d  
a t  th e  a i r  i n t e r f a c e .  I f  a  p e r m a n e n t  c o n n e c t i o n  m o d e  i s  i m p le m e n t e d  a t  th e  a i r  i n t e r f a c e ,  a  h ig h  
b a n d w id t h  u t i l i s a t i o n  a n d  m u l t i p l e x in g  g a i n  w o u l d  n o t  b e  a c h i e v e d  o n  t h e  m o b i l e  u p l i n k  
c h a n n e l s .
SA T P/L P/L G T W  A T M  switch A ™ eiend
Semi-permanent radio connection r— i 
Intersatellite link
Permanent radio connection 
Fixed line connection
F i g u r e  5 - 5  I l l u s t r a t io n  o f  th e  l in k  s e g m e n t  c o n n e c t io n  m o d e  o f  th e  r a d i o  i n t e r f a c e s .
T h e  s e m i- p e r m a n e n t  s i g n a l l i n g  p r o c e d u r e  h a s  t w o  m a j o r  p h a s e s .  T h e  f i r s t  p h a s e ,  c a l l e d  in i t i a l  
a c c e s s  p h a s e ,  i s  t o  a c c e s s  th e  n e t w o r k  a n d  t o  b e  a d m i t t e d  b y  th e  n e t w o r k  t o  h a v e  a  s e m i ­
p e r m a n e n t  c o n n e c t io n .  T h e  n e t w o r k  a s s i g n s  a  V P I / V C I  o r  a  c o n n e c t io n  i d e n t i f i e r  t o  a  u s e r  f o r  
u s e  in  th e  f o l l o w i n g  s i g n a l l i n g .  T h e  s e c o n d  p h a s e  r e f e r s  t o  th e  s t a g e  o f  s i g n a l l i n g  
c o m m u n i c a t i o n  b e t w e e n  e n d  u s e r s  f o r  s e t t i n g  u p  a  t r a f f i c  c o n n e c t io n .  D u r i n g  th e  s e c o n d  
p h a s e ,  t h e  n e t w o r k  d y n a m ic a l l y  a s s i g n s  th e  c h a n n e l  r e s o u r c e  to  u s e r s  o n  a  s l o t - b y - s l o t  b a s i s  
a n d  f o l l o w s  a n  a s s i g n m e n t - o n - d e m a n d  s c h e m e .  B e f o r e  t r a n s m i t t in g  a n y  n e w ly  g e n e r a t e d  
s i g n a l l i n g  p a c k e t s  in  a  t e r m in a l  b u f f e r ,  u s e r s  h a v e  t o  s e n d  a  r e s o u r c e  r e q u e s t  m i n i - p a c k e t  o n  
t h e  R R C  c h a n n e l  t o  th e  T R M  t o  r e s e r v e  t i m e s l o t s .  I f  c o l l i s i o n  in f o r m a t io n  i s  r e c e iv e d  in  th e  
F C  c h a n n e l ,  th e  r e q u e s t  w i l l  b e  r e t r a n s m i t t e d  a f t e r  a  b a c k l o g  r a n d o m i s a t i o n  d e l a y .  T h e  
r e c e iv e d  r e s o u r c e  r e q u e s t s  a r e  b u f f e r e d  o n - b o a r d  a n d  s e r v e d  b y  th e  T R M  a c c o r d i n g  t o  t h e i r  
p r io r i t y .
T h e  p r o t o c o l  h a s  a n  a d d i t i o n a l  m e c h a n i s m  to  c o m b a t  th e  c h a n n e l  f a d i n g .  T h e  m e c h a n i s m  i s  
d e s i g n e d  t o  s e n d  m u l t i p l e  c o p i e s  o f  a  r e s o u r c e  r e q u e s t  p a c k e t  o n  th e  R R C  c h a n n e l  t o  r e d u c e  a  
p r o b a b i l i t y  o f  p a c k e t  l o s s  d u e  t o  s e v e r e  f a d i n g  e f f e c t s .  T h i s  i s  to  a v o i d  a n  u n n e c e s s a r y  
i n c r e a s e  o f  th e  s i g n a l l i n g  d e l a y  a n d  s i g n a l l i n g  f a i l u r e .
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W h i l s t  s e n d i n g  s i g n a l l i n g  p a c k e t s  in  a s s i g n e d  t i m e s l o t s ,  a n  e n d  u s e r  s e t s  a n  e n d - t o - e n d  
r e s p o n s e  t im e r .  I f  n o  s i g n a l l i n g  r e s p o n s e  f r o m  th e  o t h e r  e n d  i s  r e c e iv e d  in  a  t i m e r  p e r i o d ,  th e  
p a c k e t s  w i l l  b e  r e t r a n s m i t t e d  w it h in  a  r e s t r i c t e d  n u m b e r  o f  r e t r a n s m i s s i o n s  d e f i n e d  b y  a  
m a x i m u m  s i g n a l l i n g  d e l a y  l im i t .  I f  th e  r e s p o n s e  c a n n o t  b e  r e c e iv e d  a f t e r  a l l  s u c h  
r e t r a n s m i s s i o n s ,  a  s i g n a l l i n g  f a i l u r e  w i l l  b e  a s s u m e d  a n d  th e  s i g n a l l i n g  p r o c e s s i n g  w i l l  b e  
t e r m in a t e d .  U p o n  r e c e iv in g  a  r e s p o n s e  f r o m  th e  o t h e r  e n d  b e f o r e  t h i s  t im e r  i s  e x p i r e d ,  n e w  
s i g n a l l i n g  p a c k e t s  w i l l  b e  g e n e r a t e d  a n d  t r a n s m i t t e d  f o l l o w i n g  th e  s a m e  p r o c e d u r e  d e s c r i b e d  
a b o v e .
53.2 Evaluation Approach
T h e  p r o p o s e d  s e m i- p e r m a n e n t  p r o t o c o l  i s  a p p l i e d  t o  a  m o b i l e  o r i g i n a t e d  c a l l  s e t - u p  s i g n a l l i n g  
p r o c e d u r e  s h o w n  in  F i g u r e  5 - 6 .  T h e  f i r s t  p h a s e  o f  t h i s  s i g n a l l i n g  i s  t o  s e t  u p  a n  in t e r n a l  
c o n n e c t i o n  in  t h e  s a t e l l i t e  d o m a in .  T h i s  i s  c o m p l e t e d  b y  s e n d i n g  a n  in t e r n a l  c o n n e c t i o n  s e t - u p  
m e s s a g e  t o  th e  M C S ,  b e i n g  a c c e p t e d  b y  th e  M C S  a n d  a c k n o w l e d g e d  b y  th e  G T W .  E n d - t o -  
e n d  o v e r l a y i n g  c a l l  s e t - u p  s i g n a l l i n g  i s  th e  s e c o n d  p h a s e  a n d  i s  p e r f o r m e d  o n  a  s e m i ­
p e r m a n e n t  c o n n e c t io n  u n t i l  th e  c a l l  i s  s e t  u p .  T h e  o n - b o a r d  T R M  i s  r e s p o n s i b l e  f o r  a s s i g n i n g  
a  s i g n a l l i n g  c h a n n e l  t o  p e r f o r m  o v e r l a y  s i g n a l l i n g .
T h e  s y s t e m  u s e d  in  th e  e v a l u a t i o n  o f  th e  S P S P  i s  a  m o b i l e  m u l t i m e d i a  G E O  s a t e l l i t e  s y s t e m  
w ith  o n - b r o a d  p r o c e s s i n g  c a p a b i l i t y .  I t  u s e s  a  s l o t t e d  T D M A / T D D  c h a n n e l  a t  K a  a n d  E H F  
b a n d  [ F A N 9 8 ] .  T h e  f r a m e  s t r u c t u r e  i n c l u d e s  1 0  r e s o u r c e  r e q u e s t  m i n i s l o t s ,  1 r a n d o m  a c c e s s  
s i g n a l l i n g  c h a n n e l  ( R A S C )  a n d  8  T C H  c h a n n e l s .  F i v e  t y p e s  o f  s i g n a l l i n g  t r a f f i c ,  n a m e ly ,  
m o b i l e  o r i g i n a t e d ,  m o b i l e  t e r m in a t e d ,  l o c a t i o n  u p d a t e ,  h a n d o v e r  a n d  r e g i s t r a t i o n ,  a r e  th e  
s y s t e m  in p u t  s i g n a l l i n g  t r a f f i c  s h a r i n g  t h e  r a n d o m  a c c e s s  c h a n n e l .
M o b i l e  o r i g i n a t e d  a n d  m o b i l e  t e r m in a t e d  c a l l  a r r i v a l  r a t e s  X a r e  m o d e l l e d  b y  a  P o i s o n  
d i s t r i b u t i o n .  T h e n  th e  n u m b e r  n o f  c a l l s  o r i g i n a t e d  o r  t e r m in a t e d  a t  a  g i v e n  t i m e  i n t e r v a l  T  
w i l l  b e ,
P[n] = e- ^ £ L  ( 5 - 2 )
n\
T h e  L U  a n d  H O  r a t e s  a r e  a l s o  a s s u m e d  t o  b e  P o i s o n  d i s t r ib u t e d  w ith  m e a n  a r r i v a l  r a t e s  
d e r i v e d  u s i n g  t h e  m o b i l i t y  m o d e l  p r e s e n t e d  in  C h a p t e r  3 .  A s s u m i n g  th a t  th e  L A  a n d  P A  h a v e  
s a m e  s i z e ,  th e  H O  a n d  L U  r a t e s  a r e  r e l a t e d  t o  X b y  th e  f o l l o w i n g  e q u a t i o n s ,
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p  2 vR * '*
1 ho A f  j  ^
tj. 4--
V X J
( 5 - 3 )
p = a  * [ i  _ 
A
/J
V J
( 5 - 4 )
A  l o w  a r r i v a l  r a t e  i s  a s s u m e d  f o r  r e g i s t r a t i o n  s i g n a l l i n g .  T o  e v a l u a t e  f a d i n g  c h a n n e l  e f f e c t s ,  
t h e  b u r s t y  m o b i l e  c h a n n e l  m o d e l  p r o p o s e d  b y  Z o r z i  i s  a d o p t e d .  B e c a u s e  t h e  m o b i l e  c h a n n e l  
f a d i n g  i s  n o r m a l l y  s l o w  f a d i n g  f o r  a  l o w  s p e e d  m o b i l e  t e r m in a l ,  o n ly  a  s l o w  f a d i n g  c h a n n e l  
c a s e  i s  t a k e n  in t o  c o n s i d e r a t i o n s .  T h e  r e l a t e d  p r o t o c o l s  a n d  s i g n a l l i n g  p r o c e d u r e s ,  s u c h  a s  
m u l t i p l e  a c c e s s ,  r e s o u r c e  a l l o c a t i o n ,  c o l l i s i o n  r e c o v e r y  a n d  l o s t  p a c k e t  r e c o v e r y ,  a r e  a l s o  
m o d e l l e d  a n d  s i m u l a t e d .
SMT TRM MCS GTW
satellite connection set up
ip request
channel assign
connection set up 
request
connection set
connection set up ACK
channel asdgn
SABM
SABM ACK
timeslots request
call set up
1 assign
proceeding
altering
connect
timeslots request
connect ACK
assign
B-ISDN
irsthase
econd
hase
F i g u r e  5 - 6  T h e  m o b i l e  o r i g i n a t e d  c a l l  s e t - u p  s i g n a l l i n g  p r o c e d u r e  ( S A B M :  s e t  a s y n c h r o n o u s
b a l a n c e d  m o d e ) .
5.3.3 Performance Param eters
W e  u s e  th e  f o l l o w i n g  p e r f o r m a n c e  p a r a m e t e r s  t o  m e a s u r e  a n d  c h a r a c t e r i s e  th e  p e r f o r m a n c e  o f  
th e  S P S P  p r o t o c o l  a n d  c o m p a r e  p e r f o r m a n c e  w ith  P S P .
°  Signalling service accommodating capacity, a  n u m b e r  o f  e n d - t o - e n d  c a l l  s e t - u p  
s i g n a l l i n g  s e r v i c e s  t o  b e  a c c o m m o d a t e d  p e r  t im e  u n it .
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o Signalling resource utilisation: r a t i o  o f  o c c u p i e d  s i g n a l l i n g  r e s o u r c e s  t o  t o t a l  s i g n a l l i n g  
t r a f f i c  r e s o u r c e s .
o Connection request dropping probability: r a t io  o f  n e w ly  g e n e r a t e d  e n d - t o - e n d  
c o n n e c t i o n  r e q u e s t  d r o p p e d  b y  o n - b o a r d  b u f f e r  t o  n e w ly  g e n e r a t e d  c a l l s  t h a t  a r r i v e  a t  th e  
b u f f e r .
o Semi-permanent call set-up signalling failure probability: r a t io  o f  s e m i- p e r m a n e n t  c a l l s  
d r o p p e d  d u r i n g  a n  e n d - t o - e n d  o v e r l a y i n g  s i g n a l l i n g  s t a t e  t o  n e w ly  g e n e r a t e d  c a l l s  th a t  
a r r i v e  a t  t h e  b u f f e r .
T h e s e  p a r a m e t e r s  c a n  r e f l e c t  a  l e v e l  o f  p r o t o c o l  e f f i c i e n c y  w ith  r e s p e c t  t o  s i g n a l l i n g  d e l a y ,  
s e r v i c e  a c c o m m o d a t i n g  c a p a c i t y ,  r e s o u r c e  u t i l i s a t i o n  a n d  r e l i a b i l i t y .
5.3.4 Simulation Results of the Performance in an Error-Free 
Channel
T h e r e  a r e  t h r e e  p a r a m e t e r s  t h a t  h a v e  a  s i g n i f i c a n t  e f f e c t  o n  p e r f o r m a n c e  o f  t h e  s e m i ­
p e r m a n e n t  p r o t o c o l .  T h e y  a r e  in p u t  t r a f f i c  l o a d ,  o n - b o a r d  b u f f e r  s i z e ,  o n - b o a r d  b u f f e r  a r r i v a l  
p r o c e s s  a n d  c h a n n e l  h o l d i n g  t im e .  T h e  o n - b o a r d  s a t e l l i t e  b u f f e r  h a s  t w o  in p u t  a r r i v a l  s t r e a m s  
in  t h i s  p r o t o c o l .  T h e y  a r e  o u t p u t s  o f  th e  R A S C  a n d  R R C  c h a n n e l s .  T h e  b u f f e r  a r r iv a l  
p r o c e s s e s  in  th e  s e m i- p e r m a n e n t  a n d  p e r m a n e n t  p r o t o c o l s  a r e  t h e r e f o r e  d i f f e r e n t  b e c a u s e  th e  
p e r m a n e n t  p r o t o c o l  h a s  o n ly  o n e  o u t p u t  f r o m  R A S C .  T h e  s e m i- p e r m a n e n t  p r o t o c o l  h a s  a  
h i g h e r  b u f f e r  in p u t  r a t e  th a n  th e  p e r m a n e n t  o n e ,  b u t  i t s  c h a n n e l  h o l d i n g  t im e  i s  s h o r t e r .  T h e  
r e a s o n  i s  th a t  th e  c h a n n e l  h o l d i n g  t im e  i s  th e  d u r a t io n  o f  th e  c a l l  s e t - u p  in  t h e  p e r m a n e n t  c a s e  
a n d  i s  o n e  f r a m e  d u r a t io n  in  th e  s e m i - p e r m a n e n t  c a s e .
A n  e n d - t o - e n d  c a l l  s e t - u p  s i g n a l l i n g  f a i l u r e  o c c u r s  o n ly  in  th e  s e m i- p e r m a n e n t  c a s e ,  n o t  in  th e  
p e r m a n e n t  c a s e .  T h e  r e a s o n  i s  th a t  th e  s e m i - p e r m a n e n t  p r o t o c o l  h a s  r i s k s  o f  e n d - t o - e n d  
s i g n a l l i n g  c o n n e c t i o n  d r o p p i n g  d u e  to  a  l o n g - p e r i o d  r e s o u r c e  r e q u e s t  b l o c k i n g  c a u s e d  b y  
b u f f e r  o v e r f l o w .  I f  b l o c k i n g  t im e  e x c e e d s  a  c e r t a in  v a l u e  a n d  a  c a l l  s e t - u p  r e s p o n s e  f r o m  th e  
o t h e r  e n d  c a n n o t  b e  r e c e iv e d  b e f o r e  a  t im e r  e x p i r e s ,  th e  c a l l  p r o c e s s i n g  w i l l  b e  t e r m in a t e d .  A  
s i g n a l l i n g  f a i l u r e  th e n  o c c u r s .  T o  r e d u c e  th e  s i g n a l l i n g  f a i l u r e ,  s c h e m e s  s u c h  a s  i n c r e a s i n g  
r e s o u r c e  r e q u e s t  r e t r a n s m i s s i o n  t i m e s ,  e n l a r g i n g  b u f f e r i n g  c a p a c i t y  , o r  a  c o m b i n a t i o n  o f  b o th  
c a n  b e  a d o p t e d .  T h e  a p p r o a c h  o f  e n l a r g i n g  th e  b u f f e r  i s  b e t t e r  t h a n  t h a t  o f  i n c r e a s i n g  th e  
r e s o u r c e  r e q u e s t  r e t r a n s m i s s i o n  t i m e s  d u e  t o  th e  f a c t  th a t  th e  f o r m e r  h a s  l o w e r  r e t r a n s m i s s i o n  
d e l a y  a n d  r e s u l t s  in  l o w e r  c h a n n e l  t r a f f i c .  H o w e v e r ,  o n - b o a r d  b u f f e r  s i z e  i s  a  c o m p r o m i s e  
v a l u e  c h o s e n  t o  s a t i s f y  b o t h  th e  r e q u i r e m e n t s  o f  l o w e r  b u f f e r i n g  d e l a y  a n d  l o w e r  p a c k e t  l o s s  
p r o b a b i l i t y .  S i n c e  th e  r e s o u r c e  r e q u e s t  r e t r a n s m i s s i o n  i s  n o t  p r e f e r r e d ,  i f  th e  u p l i n k  c h a n n e l  
q u a l i t y  i s  c o n s i d e r a b l y  g o o d ,  r e s e n d i n g  o f  l o s t  r e q u e s t s  i s  n o t  im p l e m e n t e d  in  o r d e r  t o  a v o i d  
R R C  c h a n n e l  o v e r l o a d i n g  a n d  t o  m a i n t a i n  a n  a c c e p t a b l e  s e m i- p e r m a n e n t  c a l l  s e t - u p  d e l a y  
p e r f o r m a n c e .
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D u r in g  th e  s i m u l a t i o n ,  th e  s i g n a l l i n g  c h a n n e l  r e s o u r c e  i s  a s s u m e d  t o  h a v e  a  s e p a r a t e  r e s o u r c e  
p o o l  f r o m  th a t  o f  th e  u s e r  d a t a  t r a f f i c .  T h e  t o t a l  s i g n a l l i n g  r e s o u r c e  i s  a  p a r a m e t e r  v a r y in g  
f r o m  2  t o  8  t i m e s l o t s  p e r  f r a m e  d u r in g  th e  s i m u l a t i o n .  O p t i m i s e d  p a r a m e t e r  c a l l  a r r iv a l  r a t e  X 
a n d  o n - b o a r d  b u f f e r  s i z e  Q  a r e  c h o s e n  t o  b e  1 1 .11  ( a r r i v a l / s e c o n d )  a n d  5  o r  2  ( p a c k e t s )  
r e s p e c t i v e l y  a f t e r  e x t e n s i v e  s i m u l a t i o n s  o v e r  a  w id e  r a n g e  o f  p a r a m e t e r s .  W ith  t h e s e  
p a r a m e t e r s  th e  s y s t e m  i s  s e t  t o  w o r k  a t  a n  o p t im u m  R A S C  c h a n n e l  lo a d  o f  a r o u n d  1 
( p a c k e t / t im e s l o t ) .
S i m u l a t i o n  s h o w s  th a t  th e  d e l a y  o n  th e  R R C  c h a n n e l  i s  v e r y  s i g n i f i c a n t  in  th e  c a s e  o f  th e  
s e m i- p e r m a n e n t  p r o t o c o l .  T h i s  i s  b e c a u s e  u s e r s  h a v e  t o  s e n d  r e q u e s t s  o n  th e  R R C  r a n d o m  
a c c e s s  c h a n n e l  t o  r e s e r v e  t i m e s l o t s  e v e r y  t im e  a  n e w ly  g e n e r a t e d  s i g n a l l i n g  m e s s a g e  a r r i v e s .  
M o r e o v e r  th e  R R C  c h a n n e l  o u t p u t  s e r i o u s l y  i n f l u e n c e s  th e  a r r iv a l  d i s t r ib u t io n  a t  th e  o n - b o a r d  
b u f f e r .  O u r  s i m u l a t i o n s  s h o w  th a t  a n  in a p p r o p r i a t e  d e s i g n  o f  th e  s e m i- p e r m a n e n t  c o n n e c t io n  
s i g n a l l i n g  p r o t o c o l  c o u l d  e n d  u p  w ith  u n r e c o v e r a b l e  s y s t e m  c o n g e s t i o n .
P e r f o r m a n c e s  o f  th e  s e m i- p e r m a n e n t  p r o t o c o l  a r e  s h o w n  in  F i g u r e  5 - 7  t o  F i g u r e  5 - 1 0 .  T h e  
e v a l u a t e d  p e r f o r m a n c e  p a r a m e t e r s  in c lu d e  c o n n e c t io n  r e q u e s t  d r o p p i n g  o  p r o b a b i l i t y ,  
s i g n a l l i n g  f a i l u r e  p r o b a b i l i t y ,  c a l l  s e t - u p  s i g n a l l i n g  s e r v i c e  a c c o m m o d a t i n g  c a p a c i t y ,  c a l l  s e t ­
u p  d e l a y ,  r e s o u r c e  u t i l i s a t i o n  a n d  m e a n  b u f f e r i n g  d e l a y .  W e  c a n  s e e  th a t  w h e n  s e r v i c e  
a c c o m m o d a t i n g  c a p a c i t y  a n d  c h a n n e l  u t i l i s a t i o n  r e s p e c t i v e l y  a r e  a s  h ig h  a s  1 3 .1  ( s e r v i c e / s )  
a n d  0 . 6 8 ,  th e  c a l l  s e t - u p  d e l a y  i s  o n ly  3 .4  s .
5.3.4.1 Simulation Results and Discussions
c h a n n e l  c a p a c i t y  ( t i m e s l o t s  p e r  f r a m  e )
Figure 5-7 Semi-permanent signalling channel utilisation.
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F i g u r e  5 - 8  S e m i- p e r m a n e n t  c a l l  s e t - u p  d e l a y .
S i g n a l l i n g  f a i l u r e  p r o b a b i l i t y  a n d  c o n n e c t io n  r e q u e s t  d r o p p i n g  p r o b a b i l i t y  s e e n  in  F i g u r e  5 - 1 0  
a n d  F i g u r e  5 - 1 1  a r e  v e r y  d e p e n d e n t  o n  th e  o n - b o a r d  b u f f e r  s i z e .  W ith  p a r a m e t e r  v a l u e  s e t t i n g  
a t  b u f f e r  s i z e  5  ( p a c k e t s )  a n d  c h a n n e l  c a p a c i t y  2  ( t i m e s l o t s / p e r  f r a m e ) ,  th e  c o n n e c t i o n  r e q u e s t  
d r o p p i n g  a n d  s i g n a l l i n g  f a i l u r e  p r o b a b i l i t y  c a n  b e  r e d u c e d  to  0 .0 0 8 3  a n d  0 .0 0 7 9  r e s p e c t i v e l y .  
W h e n  th e  c h a n n e l  c a p a c i t y  i s  in c r e a s e d  t o  3 ,  t h e s e  v a l u e s  c h a n g e  t o  0 . 0 0 0 4  a n d  0 .0 0 0 1  
r e s p e c t i v e l y .  M o r e o v e r ,  a n o t h e r  im p o r t a n t  r e s u l t  i s  th a t  s i g n a l l i n g  f a i l u r e  p r o b a b i l i t y  i s  c l o s e  
t o  z e r o  w h e n  th e  c h a n n e l  c a p a c i t y  i s  i n c r e a s e d  t o  4 .  F r o m  th e  p e r f o r m a n c e  o f  th e  s e m i ­
p e r m a n e n t  p r o t o c o l ,  a n  o p t i m i s e d  v a l u e  4  f o r  s i g n a l l i n g  c h a n n e l  c a p a c i t y  w ith  b u f f e r  s i z e  5  
( p a c k e t s )  o n  b o a r d  c a n  b e  d e r i v e d .  U n d e r  t h e s e  c o n d i t i o n s ,  c a l l  s e t - u p  d e l a y  a n d  s i g n a l l i n g  
s e r v i c e  a c c o m m o d a t i n g  c a p a c i t y  a r e  c l o s e  to  o p t im u m . F i g u r e  5 - 1 2  s h o w s  th e  m e a n  b u f f e r  
d e l a y  o f  th e  r e s o u r c e  r e q u e s t s  in  th e  S P S P  p r o t o c o l  c a s e .
2 3 4 5 6 7 8
channel capacity ( tim eslots per fram e )
Figure 5-9 Semi-permanent call set-up signalling service accommodating capacity.
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channel capacity ( tim eslots per fram e )
F i g u r e  5 - 1 0  S e m i- p e r m a n e n t  c a l l  s e t - u p  s i g n a l l i n g  f a i l u r e  p r o b a b i l i t y .
channel capacity (timeslots per frame )
Figure 5-11 Semi-permanent connection request dropping probability.
2 3 4 5 6 7 8
channel capacity ( timeslots per frame )
Figure 5-12 Semi-permanent call set-up onboard buffering delay.
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P e r f o r m a n c e  c o m p a r i s o n s  b e t w e e n  s e m i- p e r m a n e n t  a n d  p e r m a n e n t  c a l l  s e t - u p  u n d e r  th e  s a m e  
in p u t  t r a f f i c  l o a d  a n d  b u f f e r  s i z e  a r e  s h o w n  in  F i g u r e  5 - 1 3  t o  F i g u r e  5 - 1 4 .  F i g u r e  5 - 1 3  r e v e a l s  
th a t  p e r m a n e n t  c a l l  s e t - u p  d e l a y  v a r i e s  e x p o n e n t i a l l y  w ith  th e  c h a n n e l  c a p a c i t y  b u t  s e m i ­
p e r m a n e n t  d e l a y  r e m a i n s  a l m o s t  a t  c o n s t a n t .  It  s h o u ld  b e  n o t e d  th a t  th e  a d v a n t a g e  o f  th e  
p e r m a n e n t  c o n n e c t i o n  o n  s h o r t  c a l l  s e t - u p  d e l a y  d o e s  n o t  a l w a y s  e x i s t .  D u r i n g  th e  n e t w o r k  
b u s y  h o u r s  w ith  b u f f e r  s i z e  o v e r  5  ( p a c k e t s )  o n  b o a r d ,  d e l a y  in  p e r m a n e n t  c o n n e c t i o n  c o u l d  
b e  m u c h  w o r s e  th a n  f o r  th e  s e m i- p e r m a n e n t  c o n n e c t io n .  P e r m a n e n t  c o n n e c t i o n  d o e s  g i v e  a  
s h o r t e r  d e l a y  p e r f o r m a n c e  o f  0 .3 4 2  s  w h e n  th e  b u f f e r  s i z e  i s  d e c r e a s e d  t o  2  ( p a c k e t s ) .  
H o w e v e r ,  F i g u r e  5 - 1 4  a n d  F i g u r e  5 - 1 5  s h o w  th a t  in  o r d e r  t o  a c h i e v e  t h i s  0 . 3 4 2 s ,  th e  s e r v i c e  
a c c o m m o d a t i n g  c a p a c i t y  a n d  c h a n n e l  u t i l i s a t i o n  s u f f e r  r e d u c t io n s  o f  5 8 %  a n d  1 0 % , 
r e s p e c t i v e l y .  P e r f o r m a n c e  o f  p e r m a n e n t  c o n n e c t i o n  w ith  b u f f e r  s i z e  5  a n d  2  ( p a c k e t s )  s h o w  
a n  a l m o s t  id e n t ic a l  p e r f o r m a n c e  b e c a u s e  th e  s y s t e m  i s  o v e r l o a d e d .  T h e  m a x i m u m  c a p a c i t y  o f  
th e  p e r m a n e n t  c o n n e c t io n  i s  0 . 0 7  c h a n n e l  u t i l i s a t i o n  a n d  5 .4 5  ( s e r v i c e / s )  in  s e r v i c e  
a c c o m m o d a t i n g  c a p a c i t y .  H o w e v e r ,  u n d e r  th e  s a m e  t r a f f i c  in p u t  c o n d i t i o n ,  o v e r l o a d  d o e s  n o t  
o c c u r  in  th e  s e m i- p e r m a n e n t  p r o t o c o l .  T h i s  e x p l a i n s  w h y  th e  p e r m a n e n t  p r o t o c o l  h a s  m u c h  
l e s s  c a p a c i t y  th a n  th e  s e m i- p e r m a n e n t  p r o t o c o l .
(A
6.5
6
xjC 5 5oo© 5w,
>. 4.5eo
© 4XJ
a  3.53
© 3(0
2.5(0o 2
permanent connection &
queue size=2 
permanent connection &
queue size=5 
-Q— semi-permanent connection
& queue size=5 
-X— semi-permanent connection
& queue size=2
2 3 4 5 6 7 8
channel capacity (timeslots per frame)
F i g u r e  5 - 1 3  C o m p a r i s o n  o f  m e a n  c a l l  s e t - u p  d e l a y  ( s a m e  t r a f f i c  in p u t )  b e t w e e n  
p e r m a n e n t  a n d  s e m i- p e r m a n e n t  c o n n e c t i o n s .
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-4— permanent connection &
queue size=5 
-B— permanent connection &
queue size=2
serri-permanent connection
& queue size=5 
-X— serri-permanent connection
& queue size=2
channel capacity (timeslots per frame)
F i g u r e  5 - 1 4  C o m p a r i s o n  o f  c a l l  s e t - u p  s i g n a l l i n g  s e r v i c e  a c c o m m o d a t i n g  c a p a c i t y  ( s a m e  
t r a f f i c  in p u t )  b e t w e e n  p e r m a n e n t  a n d  s e m i- p e r m a n e n t  c o n n e c t i o n s .
permanent connection &
queue size=5 
■a—  permanent connection &
queue size=2
semi-permanent connection
& queue size=5 
-X—  semi-permanent connection
& queue size=2
0.7
0.6
0.5
0.4
0.3
0.2
0.1
0
2 3 4 5 6 7
channel capacity (timeslots per frame)
F i g u r e  5 - 1 5  C o m p a r i s o n  o f  c h a n n e l  u t i l i s a t i o n  ( s a m e  t r a f f i c  in p u t ) .
5.3.4.2 Simulation Discussion
F o r  th e  G E O  s a t e l l i t e  s y s t e m ,  0 . 3 4 2 s  m a y  c a u s e  a  s l i g h t  d e g r a d a t io n  o f  th e  d e l a y  
p e r f o r m a n c e ,  b u t  i m p r o v e m e n t s  o f  th e  s e r v i c e  a c c o m m o d a t i n g  c a p a c i t y  a n d  c h a n n e l  
u t i l i s a t i o n  a r e  s i g n i f i c a n t  e n o u g h  f o r  a  m u l t i m e d i a  s a t e l l i t e  s y s t e m  t o  s u p p o r t  a n  i n c r e a s i n g  
u s e r  p o p u l a t i o n .  M o r e o v e r ,  w ith  a n  i n c r e a s e  in  o n - b o a r d  s a t e l l i t e  m e m o r y  c a p a c i t y ,  th e  s e m i ­
p e r m a n e n t  p e r f o r m a n c e  c a n  b e  f u r t h e r  e n h a n c e d .  F r o m  t h i s  p o in t  o f  v i e w ,  th e  s e m i- p e r m a n e n t  
c o n n e c t i o n  d o e s  o f f e r  m o r e  a d v a n t a g e s  th a n  th e  p e r m a n e n t  c o n n e c t io n .
T h e  a b o v e  s i m u l a t i o n  r e s u l t s  d e m o n s t r a t e  th a t  i m p le m e n t in g  a  s e m i- p e r m a n e n t  M A C  p r o t o c o l  
c a n  c o n s i d e r a b l y  im p r o v e  th e  s i g n a l l i n g  s e r v i c e  a c c o m m o d a t i n g  c a p a c i t y  a n d  c h a n n e l  
u t i l i s a t i o n ,  w h i l s t  r e t a in in g  n e g l i g i b l e  s i g n a l l i n g  f a i l u r e  p r o b a b i l i t y .  T h e  m e a n  c a l l  s e t - u p  
d e l a y  o f  th e  p r o p o s e d  s c h e m e  a l s o  d e m o n s t r a t e s  th a t  it h a s  a  b e t t e r  p e r f o r m a n c e  d u r i n g  b u s y
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h o u r s  w ith  a  b u f f e r  s i z e  l a r g e r  t h a n  5  p a c k e t s  o n  b o a r d  th e  s a t e l l i t e .  F r o m  t h e  p e r f o r m a n c e  
e v a l u a t i o n ,  w e  c o n c l u d e  th a t  th e  s e m i- p e r m a n e n t  c a l l  s e t - u p  p r o t o c o l  i s  c a p a b l e  o f  o f f e r i n g  
m o r e  a d v a n t a g e s  th a n  t h e  p e r m a n e n t  c a l l  s e t - u p  p r o t o c o l  f o r  m u l t i m e d i a  s a t e l l i t e  s y s t e m s  f o r  a  
g o o d  c h a n n e l  c o n d i t i o n .
frame duration 0.0265s
timeslot duration 0.00265s
RASC channels 1 /frame
RRC resource request channels 10/frame
minislot duration 0.000265s
dedicated signalling channels variable (2-8)
propagation delay from transmitter to receiver 0.25s
TRM-SaT uplink speed 160kbps
TRM-MCS, TRM-GTW uplink speed 32.768Mbps
downlink TDM speed 32.768Mbps
physical layer average processing delay 0.001s
GTW-Fixed network propagation & processing delay (fixed) 0.15s
mean registration rate (system input) 0.1 arrival/s
mean location update rate (system input) 0.05 arrival/s
mean M-M call arrival rate ( system input) 0.406 call/s
mean M-F call set-up arrival rate A (system input) 10.56 call/s
call set-up message length 160 bytes
message length (proceeding, altering, connect, connect ACK message, satellite
mini-slot packet length 8 bytes
buffer size 160 bytes
RASC channel retransmission timeout 0.34s
RRC channel retransmission timeout 0.32s
RASC backlog randomisation range 3 timeslots
RRC backlog randomisation range 10 minislots
signalling resource requirement of each connection 1 (slot/frame)
Logic link layer ARQ scheme SR ARQ
window size 5
T a b l e  5 -1  S i m u l a t i o n  p a r a m e t e r s .
5.3.5 Simulation Results of the Performance with the Presence of 
Channel Fading
In  th e  p r e v i o u s  s e c t i o n ,  w e  h a v e  d e m o n s t r a t e d  th a t  th e  s e m i- p e r m a n e n t  c o n n e c t i o n  o f f e r s  
m o r e  a d v a n t a g e s  th a n  th e  p e r m a n e n t  c o n n e c t i o n  in  a n  e r r o r - f r e e  c h a n n e l .  In  t h i s  s e c t i o n ,  w e  
v a l i d a t e  th e  a p p l i c a t i o n  o f  th e  s e m i - p e r m a n e n t  s i g n a l l i n g  p r o t o c o l  in  f a d i n g  c h a n n e l  
e n v i r o n m e n t s .  T o  c o u n t e r a c t  th e  f a d i n g  a f f e c t  a n d  i m p r o v e  t h e  p e r f o r m a n c e ,  th e  S P S P  
p r o t o c o l  i s  a l l o w e d  t o  s e n d  m u l t i p l e  c o p i e s  o f  th e  r e s o u r c e  r e q u e s t  o n  t h e  R e s o u r c e  R e q u e s t  
C h a n n e l  ( R R C ) .  W e  n o w  a d d r e s s  th e  f a d i n g  i m p a c t  o n  th e  c h a n n e l  u t i l i s a t i o n ,  s i g n a l l i n g  
d e l a y  a n d  s i g n a l l i n g  f a i l u r e  p r o b a b i l i t y  a n d  m a k e  a  c o m p a r i s o n  w ith  th e  P S P  s c h e m e .
5.3.5.1 Simulation Results and Discussion
T h e  s a m e  s y s t e m  p a r a m e t e r s ,  e .g .  o n - b o a r d  b u f f e r  s i z e ,  s y s t e m  s i g n a l l i n g  t r a f f i c  c o n d i t i o n ,  
s i g n a l l i n g  r e s o u r c e  p o o l ,  a s  u s e d  in  th e  e v a l u a t i o n  o f  S P S P  in  a n  e r r o r - f r e e  c h a n n e l  a r e  a l s o
95
Optimisation of MAC Protocol
c o n s i d e r e d  in  th e  f o l l o w i n g  e v a l u a t i o n .  In  o r d e r  to  a n a l y s e  th e  p e r f o r m a n c e  o f  th e  s e m i ­
p e r m a n e n t  s i g n a l l i n g  p r o t o c o l  in  th e  p r e s e n c e  o f  f a d i n g ,  th e  M a r k o v  c h a n n e l  m o d e l  p r e s e n t e d  
in  C h a p t e r  2  i s  u s e d .  T h e  m o d e l  d e s c r i b e s  th e  p a c k e t  s u c c e s s / f a i l u r e  p r o c e s s  o n  a  f r e q u e n c y  
n o n - s e l e c t i v e  m u l t ip a t h  m o b i l e  f a d i n g  c h a n n e l ,  in  w h ic h  d i f f e r e n t  c o r r e l a t i o n  c o e f f i c i e n t  o f  
t w o  s u c c e s s i v e  f a d i n g  c h a n n e l  s a m p l e s  a r e  d e c id e d  b y  th e  p r o d u c t  o f  n o r m a l i s e d  D o p p l e r  
b a n d w id t h  f DT , w h e r e / D i s  th e  D o p p l e r  f r e q u e n c y  a n d  T  i s  th e  p a c k e t  d u r a t io n .  B y  c h o o s i n g  
d i f f e r e n t  v a l u e s  o f  f DT,  w e  c a n  e s t a b l i s h  f a d i n g  c h a n n e l  m o d e l s  w ith  d i f f e r e n t  d e g r e e s  o f  
c o r r e l a t i o n  in  th e  f a d i n g  p r o c e s s .  In  s a t e l l i t e  s y s t e m s ,  th e  c h a n n e l  c o r r e l a t i o n  i s  th e  m a jo r  
f a c t o r  th a t  c a u s e s  th e  b u r s t  e r r o r  in  d a t a  t r a n s m i s s i o n .  T h e r e f o r e ,  in  t h i s  s t u d y ,  a  v e r y  
c o r r e l a t e d  s l o w  f a d i n g  c h a n n e l  (fDT = 0 . 0 1 0 3 5 )  i s  c o n s i d e r e d .
P e r f o r m a n c e  c o m p a r i s o n s  b e t w e e n  th e  s e m i- p e r m a n e n t  a n d  th e  p e r m a n e n t  c a l l  s e t - u p  u n d e r  
th e  s a m e  in p u t  t r a f f i c  lo a d  a n d  b u f f e r  s i z e  a r e  s h o w n  in  F i g u r e  5 - 1 6  a n d  F i g u r e  5 - 1 9 .
Fading margin F[dB]
F i g u r e  5 - 1 6  C a l l  a c c o m m o d a t i n g  c a p a c i t y  v s .  f a d i n g  m a r g in  ( P  - p e r m a n e n t  p r o t o c o l ,  S  - 
s e m i- p e r m a n e n t  p r o t o c o l ,  Q  - q u e u e  s i z e ,  S  - s i g n a l l i n g  c h a n n e l s , / o T = 0 . 0 1 0 3 5 ) .
T h e  p e r f o r m a n c e  in  t e r m s  o f  th e  a c c o m m o d a t i n g  c a p a c i t y  i s  s h o w n  in  F i g u r e  5 - 1 6 .  T h e  s e m i ­
p e r m a n e n t  p r o t o c o l  i s  m o r e  s e n s i t i v e  to  th e  c h a n n e l  f a d i n g  th a n  th e  p e r m a n e n t  p r o t o c o l  a n d  
i t s  p e r f o r m a n c e  d e g r a d e s  q u i c k l y  w ith  a  d e c r e a s e  o f  th e  c h a n n e l  c o n d i t i o n .  H o w e v e r ,  
r e g a r d l e s s  o f  th e  g o o d  o r  b a d  c h a n n e l  c o n d i t i o n ,  th e  s e m i- p e r m a n e n t  p r o t o c o l  d e m o n s t r a t e s  a  
h ig h e r  a c c o m m o d a t i n g  c a p a c i t y  th a n  th e  p e r m a n e n t  a n d  t h i s  a d v a n t a g e  b e c o m e s  m o r e  m a r k e d  
w ith  th e  im p r o v e m e n t  o f  th e  c h a n n e l  c o n d i t i o n .  W h e n  th e  c h a n n e l  i s  s e v e r e l y  f a d e d ,  th e  
s y s t e m  f a d i n g  m a r g in  c a n n o t  c o m p e n s a t e  th e  f a d i n g  e f f e c t  a n d  a n  u n d e s i r a b l e  h ig h  c a l l
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0.45
Fading margin F[dB]
Figure 5-17 Signalling channel utilisations vs. fading margin, 
blocking occurs because of the accommodating capacity decreases to 0.09 calls/second. With 
a heavy system load and a slow system processing due to the channel fading, accommodating 
capacity performance is not very sensitive to the change of the on-board buffer size.
As expected, the channel fading degrades the overall performance of the system channel 
utilisation. However, compared to the performance of the system using the permanent 
protocol to offer an utilisation less than 3.56%, the system using the semi-permanent protocol 
offers a much higher channel utilisation as demonstrated in Figure 5-17. Most importantly, 
with an increased fading margin, the channel utilisation can be further increased. This 
situation cannot be observed from systems that employ the permanent signalling protocol. 
The SPSP has the potential to offer even higher resource utilisation efficiency.
F a d i n g  m a r g i n  F [ d B ]
Figure 5-18 Call set-up delay vs. fading margin.
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Despite good performance in channel capacity and channel utilisation, the semi-permanent 
call set-up delay does not show a better performance than the permanent call set-up delay 
with a high fading margin as shown in Figure 5-18. When an average packet error rate of
0.011 (fading margin 20dB) is encountered in the channel, the time difference between the 
semi-permanent and the permanent protocol can reach 7 seconds. Under this situation, even 
an increase in the number of the signalling channels cannot effectively minimise this delay 
difference. This is due to a bottleneck on the resource reservation channel, which is caused by 
an increased number of retransmissions of the resource request packets lost in the channel 
fading. However, the SPSP demonstrates an improved performance in the severe channel 
condition and it has the potential to offer a comparative delay performance if the bottleneck is 
resolved. The solution is to increase the number of resource reservation channels to resolve 
the channel congestion caused by an overload and to limit the number of retransmissions of 
each packet. It is worth mentioning that, because the channel condition is time varying, the 
channel condition frequently varies between good and bad states. If we increase the fading 
margin or the transmit power whenever a severe fading occurs, the delay performance of the 
semi-permanent protocol can demonstrate a competitive performance.
0.9 n
Fading margin F[dB]
Figure 5-19 Signalling failure probability vs. fading margin.
The performance of signalling failure probability is shown in Figure 5-19. In contrast to the 
zero signalling failure in the error-free channel, the permanent protocol suffers a high 
signalling failure due to the call set-up delay that exceeds the call set-up timer. This failure is 
even greater than suffered by the semi-permanent protocol in the presence of severe channel
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fading. The signalling failure of the permanent protocol is also sensitive to the buffer size. 
With an increase of buffer size from 2 to 5 packets, the signalling failure can decrease by 
around 10%. The semi-permanent signalling failure varies slowly with channel fading and 
buffer size and has the advantage of providing a lower signalling failure compared to the 
permanent protocol for some conditions. Besides, schemes such as reducing the resource 
request message size or increasing the number of reservation minislots can also reduce the 
signalling delay and failure probability.
5.3.5.2 Simulation Discussion
The simulation results show that a satellite system using the SPSP can achieve higher system 
capacity and channel utilization than one using the PSP in a fading channel. However, when a 
severe fading condition is encountered, the high bit error rate can lead to an undesirably long 
signalling delay and high failure ratio for both SPSP and PSP.
The higher channel utilisation and accommodating capacity offered by SPSP are significant in 
ensuring a multimedia satellite system to support an increasing user population. The protocol 
can be directly implemented to connection-oriented non-real time services. Moreover, it is 
possible to improve signalling delay and signalling failure performance of the SPSP by 
increasing the number of resource reservation channels, limiting the number of 
retransmissions, increasing fading margin or transmitting power. The SPSP can thus even 
provide an enhanced performance to support real time applications. So, the semi-permanent 
signalling protocol does offer significant advantages over the permanent for satellite systems.
5.3.6 Conclusion
In this Chapter, a service-adaptive MAC protocol is proposed. The protocol is based on a 
reservation-based demand assignment scheme. We have also validated an application of the 
proposed reservation/demand MAC into signalling traffic by assessing the semi-permanent 
signalling protocol in both error-free and channel fading conditions. The evaluation results of 
the performance of the semi-permanent signalling protocol (SPSP) have been presented, 
analysed and compared to those of the conventional permanent signalling protocol (PSP).
Our results show that in both good and bad channel conditions implementation of the SPSP 
can significantly improve signalling service accommodating capacity and channel utilisation. 
In good channel conditions, the signalling delay performance of the SPSP is comparative to 
that of the PSP and its signalling failure probability remains negligible. In the presence of 
channel fading, the signalling failure probability and signalling delay of the SPSP is still
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inferior to those of the PSP. However, the performance difference can be minimised by 
increasing the number of resource reservation channels, limiting the number of 
retransmissions and increasing fading margin. In addition, under fading conditions, if a 
multicopy transmission mechanism is used and system parameters such as on-board buffer 
size are appropriately set, the SPSP could exhibit a better performance than the conventional 
PSP. The SPSP is naturally suitable for non-real time services and signalling that does not 
have time constrains. The SPSP can be directly applied to the signalling that does not have a 
stringent delay constraint such as signalling establishment of non-real time services and real 
time services that can tolerate certain signalling delay.
From this work, we conclude that bandwidth can be saved in signalling channel resources by 
using a dynamic signalling channel allocation method. In this respect, the entire bandwidth 
required for signalling traffic can be reduced and increased numbers of signalling requests can 
be accommodated. We, therefore, have demonstrated the benefits of using the SPSP in a 
multimedia satellite system.
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C h a p t e r  6  O p t i m i s a t i o n  o f  A R Q  P r o t o c o l
In this chapter we address two identified problems when applying the Selective Repeat ARQ (SR 
ARQ) protocol to the ATM-satellite. The first is the unlimited retransmission o f  outstanding 
packets in the SR ARQ that blocks the transmission o f  following packets. The second is that the 
time-varying distance o f some end-to-end connections degrades the peiform ance o f SR ARQ 
protocol. We propose a reliability-dependent SR ARQ protocol and an adaptive timer SR ARQ 
protocol to solve the two problems identified. Using the optimised SR ARQ protocol, we propose 
a service-adaptive ARQ protocol architecture fo r  ATM-satellite system.
6.1 Introduction
In ATM, although end-to-end error control and header error control are performed, they are 
unable to achieve the required QoS performance in an ATM-satellite system and may cause 
serious cell discarding at the ATM layer. Therefore, Logic Link Control (LLC) scheme is 
expected to perform error control on the radio link with minimal Cell Loss Rate (CLR) and 
Cell Transfer Delay (CTD). However, due to the high burst error rate on mobile channels, the 
poor throughput performance of conventional LLC becomes a problem for transportation of 
ATM traffic over satellite. It has been identified that for enhancing the performance of LLC 
the key component to be improved is the ARQ control procedure.
Two problems have been identified when applying the SR ARQ protocol to ATM-satellite. 
The first one is the inefficiency caused by the unlimited retransmission of outstanding 
packets. Because the ARQ provides reliable traffic delivery, packets corrupted in the channel 
are retransmitted unconstrained until they correctly arrive at the receiving end. However, 
unlimited retransmission of outstanding packets blocks the transmission of following packets. 
This unlimited retransmission is the factor that degrades the transmission quality. The 
requirement in ATM-satellite systems to support a variety of traffic types with different QoS 
requirements makes it necessary to study enhancements of conventional ARQ techniques for 
the delay constrained traffic transmission over satellite channels. The second one is the 
sensitivity to a distance-changing end-to-end connection. It is foreseen that future satellite 
systems will route the traffic through ISLs. An end-to-end connection that consists of many 
ISL segments of LEO/MEO constellations generally has a time-varying distance 
characteristics. This time-varying distance also degrades the efficiency of SR ARQ protocol.
Thus we propose a reliability-dependent SR ARQ (RDSR ARQ) protocol and an adaptive 
timer SR ARQ (ATSR ARQ) protocol to solve the above two identified problems. The effort 
is devoted to optimising the proposed ARQ protocol to the link efficiency, CLR and CTD.
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Finally, a combining RDSR ARQ and ATSR ARQ protocol is proposed as a service-adaptive 
ARQ protocol candidate for ATM-satellite integrated systems.
6.2 SR ARQ Protocols
6.2.1 Protocol Description
The distinguishing feature of the SR ARQ protocol from Go-Back-N (GBN) is that only the 
erroneous and lost packets are retransmitted before a timeout. The transmitter delivers one 
copy of every packet in correct order to the receiver. It keeps a copy of the packet delivered in 
a buffer before it is transmitted and removes it after the receiver correctly receives it. The 
delivered packets may be corrupted or lost in the physical channel. It is also possible that the 
receiver gets the packets in wrong order. For instance, when transmission errors corrupt the 
first packet but not the second, the second packet correctly arrives at the receiver before the 
first.
The receiver uses a buffer to store the packets that arrive out of order. It acknowledges the 
reception of the correctly received packet by sending an ACK feedback message to the 
sender. Once the receiver has a consecutive group of packets in its buffer, it can deliver them 
to the network layer. In the absence of the acknowledgement of the reception, the transmitter 
retransmits the packet immediately when the end-to-end timer expires. Packets received out 
of sequence at the receiver have to be resequenced to make sure that packets passed to the 
upper layer are in order. Obviously, SR ARQ requires a full-duplex link: the receiver 
transmits acknowledgements to the sender while the sender transmits packets to the receiver.
SR ARQ protocol requires a sufficient buffer capacity at both the transmitter and the receiver 
because one erroneous packet could cause all successive arriving packets to remain in the 
buffer. An example of the receiver buffer overflow event is shown in the Figure 6-1, 
assuming that transmission errors corrupt only packet 1 and its copies.
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3 13 m
Figure 6-1 An example of SR ARQ receiver buffer overflow.
The buffering time could be long enough to cause a buffer with a small capacity to overflow. 
The transmission window control is a commonly used control mechanism to avoid buffer 
overflow. The window size (WZ) normally is half of the buffer size in terms of packets. It 
controls the sequence difference of unacknowledged packets by less than the WZ so that the 
receiver buffer will never hold packets in excess of more than the WZ. The WZ and the finite 
number of packets that can be held by the buffer are design parameters of SR ARQ.
6.2.2 Packet Numbering
The SR ARQ numbers packets using a concept of N u m b erin g  M o d u lo  [WAD91]. In this 
scheme, the n th  packet is numbered as,
M o d u lo  ( n ) = ———  
2w
(6-1)
where the w  is the window size. The ACK of the nth packet has the same modulo number as 
the nth packet. Using this modulo numbering modulo, the receiver will not be confused 
during the transmission. Otherwise, confusion may occur. For instance, when using 
numbering modulo 7 instead of 8 for window size 4, the sender numbers the packets using the 
successive numbers {0, 1, ... 6}. In Figure 6-2 (a), for no transmission errors, the second 
packet numbered 0 that arrives at the receiver is the eighth packet. In Figure 6-2 (b), 
transmission errors corrupt the first ACKO. The second packet 0 received by the receiver is a 
retransmitted copy of the first packet. The receiver cannot distinguish between these two
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cases. Consequently, the receiver does not know whether to store or to discard the second 
packet numbered 0. We can conclude from this example that the numbering modulo 7 is not 
suitable. The receiver is confused because it may receive different packets with the same 
number.
Packet sequence 1 2 3 4 5 6 7 8
Packet modulo 0 1 2 3 4 5 6 0
Received packet sequence 1 2 3 4 8
(a)
Packet sequence 1 2 3 4 Timeout 1 (copy)
Packet modulo 0 1 2  3 > 0
Received packet sequence 1 2 3 4 1 (copy)
(b)
Figure 6-2 SR ARQ with numbering modulo 7.
6.2.3 Protocol Efficiency
ARQ protocol efficiency is characterised by channel throughput and average packet transfer 
delay. Throughput efficiency rj is defined as the average fraction of time that the protocol 
transmits new packets [WAD91]. During the rest of the time, the protocol waits for ACKs or 
for timeouts, or it retransmits copies of packets. The efficiency of the ARQ protocol is mainly 
dominated by the packet error rate in the channel, window size, receiver buffer size and the 
retransmission timeout. An exact analysis of SR ARQ with finite buffer is complicated. 
Usually the analysis is carried out based on many assumptions such as a negligible round-trip 
delay, an error-free feedback channel or an infinite buffer size. Different assumptions in the 
analysis result in a difficulty to compare their results. However, with the assumption of an 
infinite window size, an upper bound on the efficiency of SR ARQ with finite-size buffers is 
given as,
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V = 1 -  £ (6-2)
where the £  is the average packet error rate in the transmission channel. This upper bound is 
usually taken as a reference in the evaluation of SR based ARQ protocol. In the satellite 
systems that our research is based on, the SR ARQ protocol offers unsatisfactory efficiency. 
The protocol itself is not robust enough and is prone to many factors.
6.3 Reliability "Dependent SR ARQ Protocol
The impact of satellite channel impairments, user mobility and constellation dynamics on SR 
ARQ protocol result in the network having to incorporate a complex error protection and 
recovery procedure. Extra bandwidth and processing resource will be consumed and user QoS 
will be degraded because of long packet transfer delay and delay jitters. This system 
performance degradation prevents ATM from keeping up with high-speed traffic transmission 
requirements. The Reliability-Dependent SR ARQ (RDSR ARQ) protocol is proposed to 
overcome this problem by discarding some cells during the transmissions.
6 3 .1  Scheme Description
The RDSR ARQ protocol is shown in the Figure 6-3 and Figure 6-4. The RDSR ARQ can 
perform two modes of traffic transmission, conventional reliable transmission (CRT) and 
relaxed reliable transmission (RRT). CRT can be applied to real-time services that require a 
low CLR and non-real-time services with a CLR commitment obtained from the network. 
Provided that the required CLR can be maintained, RRT can be implemented for some real­
time services, which tolerate certain cell loss, to meet the required CTD by discarding some 
cells. These cells are delayed in the network more than the specified CTD and are considered 
to be of less value, or no value at all to the application [ATF96]. If a CRT cannot meet 
required CLR or worsens system congestion, discarding these cells before the next 
retransmission will be necessary. RRT is most suitable for unspecified bit rate (UBR) services 
because the network offers no traffic related service commitment as to the cell loss ratio 
experienced by a connection. With this mode, the network can be assisted to relieve its 
serious congestion condition.
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Figure 6-3 RDSR ARQ protocol diagram -  receiver architecture.
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Figure 6-4 RDSR ARQ protocol diagram -  transmitter architecture.
6.3.1.1 Relaxed Reliable Transmission
The Relaxed Reliable Transmission (RRT) can perform relaxed reliable transmission rather 
than the Conventional Reliable Transmission (CRT). The differences in protocol between 
RRT and CRT ARQ lie in the operation of the packet receiving process. No difference is 
made to the packet transmission process. The differences have the following features. Firstly, 
RDSR operates CRT or RRT according to the transmission mode that is set during the
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connection set-up phase. Second is that RDSR ARQ utilizes two types of acknowledgments 
(ACK). The two types of ACKs are the ACK with Receiving (ACKR) and ACK with 
Discarding (ACKD). The transmitter will proceed with the transmission upon receipt of any 
of the two types of ACKs. Thirdly, a Discarding Timer (DT) is used to restrict the waiting 
time (WT) for a current outstanding packet at the receiver. The operation is as follows;
1. Upon receiving a packet correctly, the receiver sends an ACKR to the sender and sets 
the next expected packet A as the outstanding packet and meanwhile sets the DT.
2. If a packet is received before the DT is expired, the receiver starts from operation step 
1.
3. If a packet has not been correctly received when the DT has expired, the receiver 
sends an ACKD or ACKR to the transmitter. Meanwhile, the receiver empties the 
receiving buffer and delivers the correctly received, but inconsecutive packets, to the 
upper layer,
4. Upon receiving the ACKD, the transmitter discards the packet as if it has been 
correctly received by the receiver. The transmitter continues to transmit the following 
packets waiting in the transmission buffer. To avoid a discarding of many consecutive 
packets that can result in high CLR, the receiver and transmitter are not allowed to 
discard any two consecutive packets, or n consecutive packets, provided that the CLR 
is in the line with QoS requirements.
5. If there is no ACK of packet A received when the retransmission timer expires, the 
packet A will be retransmitted and marked with the Nth number of the retransmitted 
packet.
The timeout value of DT varies from packet to packet. It is derived based on parameters such 
as Maximum Cell Transfer Delay (MaxCTD), retransmission timeout (RT), window size W
and single propagation delay Ds. Let the tinterval denote the time interval between times 
when packet (n-1) and packet (n) are transmitted at first time, n denote the number of 
retransmissions of packet (n-1) before it is correctly received, v denote the storage time of
packet (n-1) at the receiver after it is correctly received, tnow denote the instant in time when 
the packet (n-1) is to be delivered to the network layer and the discarding timer for packet (n) 
to be set up. Then the transmission events of two consecutive packets can be understood 
easily from Figure 6-5. Clearly, the DT timeout value, DTlt for packet n will be
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DT„ = MaxCTD + tin,erval-  nRT -  Ds - (6-3)
Iii the above equation, all the parameters except tin tervalare known by the receiver. The 
tinterval can be estimated. Assuming that
WT > 2Dr (6-4)
where T is the transmission interval between two transmission timeslots. Then the t  interval 
can be estimated as
h it  erval Eavg (6-5)
where £ is the average packet error rate in the fading channel.
Packet (n-l) is 
transmitted 
at this point
Packet (n-l) is Is' 
retransmitted 
at this point
Packet (n-l) is n" 
retransmitted 
at this point
Packet (n-l) delivered by receiver 
to network 
layer at this time point
Figure 6-5 Two consecutive packets transmission events on the time axis.
Although SR ARQ is a widely studied technique, it faces new challenges in the new advanced 
LEO/MEO satellite constellations such as Iridium and Teledesic that are equipped with 
intersatellite links (ISL). Due to the inherent dynamics of ISLs and short satellite visibility 
period of LEO/MEO constellations, an end-to-end connection routed in the sky suffers from 
path length variations and frequent connection handovers. The major reason is the continuous
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distance variations on the connection caused by interplane ISLs connecting satellites in 
adjacent co-rotating orbit planes and discontinuous distance variations on the connection 
caused by the deactivation of interplane ISLs in the polar regions [WER97C], When one or 
more serving satellites on the route passes over the polar or moves out of visibility range, 
connection handover has to be performed to keep the continuity of the communication link 
[UZU97B]. The continuity and discontinuity of distance change have been found to have 
considerable impact on the conventional SR performance.
In this section, we address the impacts of distance-varying end-to-end (DVE) connections on 
the performance of the SR ARQ and propose an enhanced SR ARQ, named Adaptive Timer 
SR (ATSR) protocol, to work efficiently and robustly on such connections. We focus on the 
study of the average packet transfer delay and link efficiency of the proposed protocol with 
respect to data generation rate, buffer size and retransmission timer. We will compare the 
results of the SR protocol in both changing-distance and fixed-distance connections.
6.4.1 Problem Identification
For a SR protocol to work effectively, the retransmission timer should be set slightly above 
the end-to-end round-trip delay. In a fixed-link distance (FLD) connection case, a fixed 
retransmission timer can be set up during the call set-up time. However, with continuous and 
discontinuous distance-changing connection, the round-trip delay varies with time throughout 
the call holding duration in an unpredictable manner. Therefore, SR cannot perform 
efficiently due to the following:
1. End-to-end propagation delay varies with time and thus an appropriate retransmission 
timer value is difficult to determine.
2. An inappropriate retransmission timer causes low channel throughput. When the 
retransmission timer is smaller than the end-to-end round-trip delay, redundant 
retransmission will occur. When the timer is larger, the channel may carry no traffic 
during some time intervals resulting in bandwidth wastage.
3. Continuous or discontinuous changes in the connection length can cause the packets to 
arrive at the destination out of order.
4. Buffer capacity requirements for a given packet loss ratio are difficult to dimension on 
DVE connections.
These problems can degrade the mean packet transfer delay and link efficiency of the SR 
protocol. This degradation will be addressed in the following section of this chapter.
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A key cause of the problems mentioned above is the changing end-to-end round-trip delay 
differing from the retransmission timer value during the communication. If the timer can be 
maintained constantly at a value corresponding to the instantaneous round-trip delay, the 
above problems would be overcome. Following this approach, we propose an enhanced 
version of the SR protocol, Adaptive Timer SR (ATSR) protocol, to improve the protocol 
efficiency.
connection
6 ,4 .2  A T S R  A R Q  P r o t o c o l  D e s c r i p t i o n
Figure 6-6 Illustration of ATSR ARQ protocol principle.
Similar to the operation of the SR protocol, only the erroneous and lost packets are 
retransmitted. The transmitter keeps the newly generated packets in a buffer until they are 
correctly received by the receiver. Before a packet is transmitted, a timer is set up in order to 
retransmit the packet in the absence of reception acknowledgement from the receiver. The 
receiver acknowledges the reception of the packet by an ACK feedback message if the packet 
is correctly received or by a Non-Acknowledgement (NACK) feedback message if the packet 
is received in error. Received packets are re-sequenced by the receiver and delivered to the 
upper layers in order.
Unlike the conventional SR ARQ protocol using a fixed retransmission timer, ATSR uses a 
varying retransmission timer. The value of the timer is adjusted dynamically according to the 
information derived from periodically tracking the end-to-end round-trip propagation delay. 
The principle of ATSR is illustrated in Figure 6-6.
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T he tracking o f round-trip delay is perform ed by detecting the tim e difference betw een the 
retransm ission time o f  a  packet and the tim er’s rem aining tim e when the acknow ledgem ent of 
this packet is correctly received at the transm itter. B efore a packet is transm itted, a buffer 
storing the predicted current round-trip delay is read and the retransm ission tim er is set 
accordingly. The retransm ission tim er value has to be stored and indexed by sequence num ber 
o f the packet for use in deriving the next retransm ission timer.
U pon correct reception of a packet, the transm itter can derive the feedback tim e, fd> defined as 
the d ifference betw een the packet’s retransm ission (RT) tim er and R T tim er’s rem aining time. 
To let
fp  — 7 ’>
R T  t i m e r  (6-6)
and denote G t as the newly derived round-trip delay, T R as the new R T tim er, w e have
G t =  f  t i f  0 .5  < P  < 1
or
Gt ~ f d  + R T tim er if  P  «  0.5 (6-8)
Then
T R= G t + At (6-9)
w here At is an em pirical value to ensure that the RT tim er value rem ains slightly larger than 
the round-trip delay so as to com pensate extra delays on the transm ission path through the 
netw ork caused by queuing, packet processing etc. (In som e systems, At is set to be the mean 
variance o f the end-to-end distance). T he new ly derived T r will replace the old T R and is 
stored in the mem ory fo r setting the RT tim er o f next transm itted packet.
6„4o3 Evaluation M ethod
To carry out the perform ance investigation, we firstly  need to study path length variation in 
an end-to-end connection routed through intersatellite links. This variation depends on many 
factors such as satellite constellation, end users’ geographical position, system  routing
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algorithm , satellite visibility period and call holding time. These factors make the form ulation 
o f a general model o f DVE connection very difficult. W e therefore base our investigation on a 
typical DVE connection using the IRIDIUM  constellation. It will be shown that the results 
can be generalised to any D V E connection.
It is well known that the IRIDIUM  constellation supports two intraplane connections to 
satellites forw ard and backward and tw o interplane connections to satellites in each 
neighbouring plane. An ISL topology for IRIDIUM  is assum ed as that shown in Figure 6-8 
[W ER97A]. W e choose a DVE connection with 4 interm ediate satellites positioned (t=0) as 
given in Table 6-1. The illustration o f such an end-to-end connection is shown in Figure 6-7.
H i l t  II
+5^  m in i
I M l  ii II
Figure 6-7 An end-to-end connection with three ISL segm ents.
The distance o f the selected connection versus time calculated by softw are tool [SUR96] is 
given in Figure 6-9. The corresponding distribution o f end-to-end propagation delay can 
therefore be derived. In our investigation, we also limit the sim ulation to 10 m inutes, which 
are the typical LEO satellite visibility period, in order to avoid connection handovers.
Satellite No. L atitude0 Longitude0
1 0.06 -69.053
2 -16.263 -38.626
3 -32.577 -8.418
4 -48.871 21.150
Table 6-1 Four intermediate satellites’ position at t = 0.
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Figure 6-8 Exam ple Iridium  ISL topologies (dashed lines denote the interplane ISLs, solid
lines denote the intraplane ISLs).
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Figure 6-9 D istance o f end-to-end distance-changing connection versus time.
An error free channel is assum ed in this investigation in order to isolate the packet 
retransm ission coexisting effects.
6.4.4 Simulation Results and Discussion
W e now address the im pact o f distance-varying end-to-end (D V E) connections on 
perform ance o f SR ARQ and discuss perform ance o f the proposed A TSR protocol by way of 
m aking a com parison betw een ATSR and SR ARQ  for both the changing-link distance (CLD) 
case and the fixed-link distance (FLD) case. W ith FLD, three fixed distances, equal
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respectively to the maximum, minimum and mean of evaluated changing-distance connection 
shown in Figure 6-9, have been used. Their retransmission timer is set to be slightly larger 
than the end-to-end propagation delay.
Packet generating rate (packets/s) 20
Transmission rate (bits/s) 24k
Packet length 80 bytes
ACK packet length 16 bytes
Buffer size (packets) 400
Window size 2
Table 6-2 Simulation parameters
A. Impacts of DYE connections on SR protocol performances
We first evaluate the SR ARQ performance varying with different retransmission timer on a 
DVE connection, and then examine sensitivity of the protocol performances to data 
generation rate and buffer size.
In a DVE connection, the variation of round-trip delay is difficult to predict throughout the 
call holding time. The performance degradation of packet transfer delay and link efficiency 
due to inappropriate timer values on the DVE connection are show in the Figure 6-10 and 
Figure 6-11.
When the RT timer is smaller than the round-trip delay, packet retransmission occurs leading 
to bandwidth wastage and increases of the packet transfer delay. As seen from Figure 6-10, 
degradation of the delay performance varies almost linearly with the negative offset of the 
retransmission timer from maximum propagation delay (the transmission delay on the 
selected connection that has maximum distance) at a ratio of 0.4564 during the 
communication. Compared to the performance on the fixed distance connection, we can see 
that even the delay on the longest distance, which is 0.04625s, is much better than the 
performance on the DVE connection when the RT timer is smaller than the round-trip delay.
Using a large RT timer sufficient to cover the maximum round-trip delay is one option to 
cope with CLD. But it wastes channel bandwidth because the channel carries no information 
during some time intervals. When the RT timer is larger than the maximum propagation 
delay, the packet transfer delay is improved. However, as seen from Figure 6-11, the 
degradation of link efficiency remains about 11.55% lower than that of fixed distance. This
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clearly indicates that increasing the retransm ission tim er can only im prove the packet transfer 
delay but not im prove the serious bandw idth wastage.
Due to inappropriate retransm ission tim er values, the netw ork moves tow ards instability. This 
is dem onstrated by an increased sensitivity o f protocol perform ance to the key system  
param eters such as source packet generation rate, buffer size and window  size.
Sensitivity o f the SR protocol perform ance to packet arrival rate can be observed from  Figure 
6-12 and Figure 6-13. W hen the RT tim er value is below the m axim um  round-trip delay, a 
slight variation o f source packet arrival rate can cause significant perform ance degradation. 
However, this sensitivity can be reduced by increasing the tim er value to a level beyond the 
m axim um  propagation delay o f CLD. But again it can not improve the link efficiency.
CO CO c TJ CO c£ °  ^ o
«  coJC  S I
FLO (kilometers) Delay (seconds) 
10680 0.0365
12300 0.041
13875 0.04625
Difference between retransm ission timeout and maximum 
propagation delay (seconds)
Figure 6-10 M ean packet transfer delay versus offset o f RT tim er value from  maxim um  
round-trip delay on a DVE connection.
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Figure 6-11 Link efficiency versus offset o f RT tim er value from the m axim um  round-trip on
a DVE connection.
It is worth noting that the protocol perform ances are also sensitive to the buffer size. In order 
to satisfy the user required QoS, term inal buffer size has to be carefully selected to avoid high 
packet loss. On a DVE connection, the perform ance o f packet loss ratio is more sensitive to 
the size o f term inal buffer. W ith a com parison o f packet loss ratios given in T able 6-3, a high 
packet loss ratio up to 33.6%  can be observed on a DVE connection. Such a high ratio is not 
acceptable. A larger buffer size is therefore needed to keep the packet loss ratio at a required 
level.
B. Performance of ATSR protocol
The perform ances o f the proposed A TSR protocol are shown in Figure 6-14 and Figure 6-15. 
The results are com pared to those o f the conventional SR protocol.
It is seen from  these results that, by using the A TSR protocol, the mean packet transfer delay 
is reduced from  6 to 0.4178 seconds and link efficiency is also im proved by around 8.8% . The 
sensitivity o f ATSR protocol perform ances to the retransm ission (RT) tim er, buffer size and 
packet arrival rate are also greatly reduced. A TSR can maintain this perform ance level, which 
is the best perform ance achievable by the conventional SR on a CLD connection, throughout 
the whole com m unication even with an im properly selected RT tim er value.
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Figure 6-12 Packet transfer delay of SR protocol versus inter-packet arrival time.
Figure 6-13 Link efficiency o f SR protocol versus inter-packet arrival time.
The way that A TSR m aintains its perform ance is by autom atically adjusting its tim er value to 
be slightly above the current round-trip transm ission delay. In this way, the im pacts of 
changing-distance connection are alm ost elim inated. So the determ ination o f the initial RT 
tim er value during the call set-up time only needs to take the current round-trip delay as a 
reference.
As dem onstrated in Figure 6-14 and Figure 6-15, A TSR does not outperform  the SR protocol 
when the tim er value is larger than the m axim um  round-trip delay. This is due to the error 
free channel assum ption.
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Buffer Size 
(packets)
CLR on CLD 
Connection 
RT = 0.086s
CLR on CLD 
Connection 
RT =0.0752s
CLR on Fixed 
Distance 
C onnection
100 0.1388 0.3362 0
127 0.0979 0.2953 0
155 0.0555 0.2529 0
182 0.0147 0.2120 0
209 0.0001 0.1711 0
236 0 0.1303 0
264 0 0.0879 0
291 0 0.0467 0
318 0 0.0061 0
345 0 0.0010 0
Table 6-3 Com parison o f packet loss ratio.
Besides the im provem ents made on the system  perform ance, The ATSR protocol can also 
contribute to flow control on the connection. A  congestion that occurs in the netw ork can be 
detected by a term inal by observing the delayed packet transfer. In this case, A TSR can 
behave in the same way as it does for an increasing-distance connection. This will lead to a 
corresponding increase o f the ATSR retransm ission timer. Therefore, the total traffic injected 
into the congested switch will be reduced accordingly.
R e t r a n s m  i s s i o n  T i m e o u t  ( s e c o n d )
Figure 6-14 M ean packet transfer delay o f A TSR protocol in com parison with the
conventional SR protocol.
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Figure 6-15 Link efficiency o f A TSR protocol in com parison with the conventional SR
protocol.
C. Extension of ATSR to other connection patterns
O ur evaluations have been conducted in a 4-hop connection with d istance changing 
characteristics as shown in Figure 6-9. How ever, the nature o f A TSR is its ability to track the 
changing end-to-end transm ission delay and adjust its RT tim er accordingly. Its effectiveness 
does not depend on any particular connection pattern and variation characteristics of 
connection distance. Hence, the results and conclusions that we have obtained in this work do 
not lose their generality.
Sim ulation results show that, under a good channel condition, the A TSR protocol can offer 
higher link efficiency and shorter average packet transfer delay than the conventional SR 
protocol on a distance-changing connection. The protocol is robust and efficient w ithout 
significant m odification being needed to the SR protocol. It could be used to replace the 
conventional SR protocol on a connection form ed by ISLs in LEO /M EO  satellite system s to 
achieve a higher bandw idth utilisation.
6.5 The Architecture of ARQ Protocol for ATM-satellite 
Systems
In the above two sections, we have dem onstrated that the proposed RD SR and A TSR ARQ 
protocols can overcom e the problem s caused by an unlim ited retransm ission and changing
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distance of an end-to-end connection. They are more efficient than the conventional SR ARQ 
protocol. These two ARQ protocols can be merged together to build up a new ARQ protocol. 
The merge is simply to equip the RDSR ARQ protocol with some additional memory and the 
adaptive timer algorithm of ATSR, which monitors the end-to-end packet transfer delay and 
changes the time value accordingly. The merged protocol operation is shown in Figure 6-16 
to Figure 6-18. We thus propose this protocol for the use in ATM-satellite systems.
The proposed ARQ protocol can therefore have three different operation modes as shown in 
Figure 6-19. The adaptive timer can only be operated when the reliable transmission mode is 
selected and the end-to-end connection is not affected by server channel fading. The proposed 
protocol provides different operation modes for different service types, e.g. CBR, Rt-VBR, 
Nrt-VBR, UBR and ABR. The selection of the operation mode will be presented in Chapter 7. 
Negotiation in determining the suitable operation mode for a specific connection should be 
completed at the connection set-up phase. However, the operation mode can be renegotiated 
and changed upon request from the user or the network during the communication.
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Figure 6-16 Receiver architecture o f the AR Q  protocol proposed fo r A T M -sa te llite  system.
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Figure 6-17 Transmitter architecture of the ARQ protocol proposed for ATM-satellite system.
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Packet in
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Figure 6-18 Additional processing architecture for the proposed ARQ protocol.
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ARQ operation modes
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Figure 6-19 Three operation modes of the proposed ARQ protocol.
6.6 Conclusions
We have proposed a service-adaptive SR ARQ protocol for ATM-satellite systems based on 
reliability-dependent SR (RDSR) and adaptive-timer SR (ATSR) ARQ protocols. RDSR 
ARQ protocol can successfully discard insignificant cells and speed up the cell transfer 
between two end stations. It is more suitable than the conventional SR ARQ for cell transfer 
delay constrained real-time services in satellite systems. The adaptive timer algorithm can 
overcome the performance degradation of the SR ARQ caused by a changing connection 
distance under a reliable channel condition. The ATSR offers a higher efficiency than the 
conventional SR on distance-varying end-to-end connections without much added complexity 
to it. The protocol that combines the RDSR and ATSR has the advantages of both protocols 
and thus we have proposed such a combined protocol to be the ARQ protocol for mobile 
ATM-satellite systems. The proposed ARQ protocol has three different operation modes and 
provides different operation modes for different service types.
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C h a p t e r  7  A  Q o S - P r o v i s i o n i n g  C o n n e c t i o n  
M a n a g e m e n t  S c h e m e
U s i n g  t h e  s e r v i c e s  p r o v i d e d  b y  M A C  a n d  A R Q ,  a  n o v e l  r a d i o  c o n n e c t i o n  m a n a g e m e n t  s c h e m e  ( C M S )  f o r  
p r o v i s i o n i n g  t h e  t r a n s p o r t  o f  A T M  t r a f f i c  o v e r  s a t e l l i t e  l i n k s  i s  p r o p o s e d .  T h e  p r o p o s e d  C M S  e f f e c t i v e l y  
m a n a g e s  t h e  a i r  i n t e r f a c e  c o n n e c t i o n s  f o r  A T M  s e r v i c e s  t h r o u g h  d i v e r s i f y i n g  c o n n e c t i o n  t y p e s ,  
e s t a b l i s h i n g  Q o S - b a s e d  c o n n e c t i o n s  a n d  d e p l o y i n g  a n  e f f i c i e n t  c o n n e c t i o n  m a p p i n g  a n d  c o n t r o l  s c h e m e .  
T h e  s c h e m e  t a i l o r s  i t s  b a n d w i d t h  i n t o  d i f f e r e n t  t y p e s  o f  c o n n e c t i o n s  a c c o r d i n g  t o  s e r v i c e  t y p e s  a n d  Q o S  
r e q u i r e m e n t s  o f  a c t i v e  u s e r s .  T h e  p e r f o r m a n c e  o f  C M S  i s  e v a l u a t e d  b y  c h a r a c t e r i s i n g  t h e  p e r f o r m a n c e  i n  
t e r m s  o f  c e l l  l o s s  r a t e  a n d  c e l l  t r a n s f e r  d e l a y  o f  v o i c e  t r a f f i c  i n  t h e  p r e s e n c e  o f  c h a n n  e l  f a d i n g .
lot Introduction
ATM-satellite services are connection oriented. This means that a connection must be established 
between the parties involved in the communication, before any traffic exchange can commence. At 
the end of the communication, the connection must be released and the resource must be freed. In 
practice, part of the resource held by the user can be released during the communication. The 
connection management (CM) scheme is devoted to the radio connection set-up, maintenance and 
release. It is a function of the radio connection control layer.
The CM is required in order to set up the radio connections for different ATM services with different 
QoS requirements. It should also be able to manage the resources used to implement connections and 
the information needed to allocate the resources. The established connection should provide a 
satisfactory QoS on transportation of the traffic of the individual ATM service over the satellite 
network.
There are four major factors that have considerable influence on the ATM traffic transmission in 
satellite channels, namely, the physical channel, the MAC protocol, and ARQ and resource allocation 
scheme. The above four elements have usually been studied separately in previous work. However, 
the requirement of effective ATM traffic transportation over satellites can only be truly achieved by 
studying them concurrently.
In this chapter, we present a novel radio connection management scheme (CMS) for a QoS- 
provisioning the transport of ATM traffic over satellite links. The proposed CMS effectively manages 
the air interface connections for ATM services through diversifying connection types, establishing 
QoS-based connections and deploying an efficient connection mapping and control scheme. The 
scheme aims to provide the specific performance objectives of CLR and CTD with minimal 
bandwidth provisioning for individual services. The scheme enables the network to minimise the 
unused bandwidth on a connection by dynamically tailoring its bandwidth into different types of
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connections according to service types and QoS requirements of active users. The performance of 
CMS is evaluated by characterising the performance of CLR and CTD of voice traffic in the presence 
of channel fading. Related simulation results are presented and analysed.
7o2 System M odel
To set up a connection across the satellite network to provide traffic transportation with high 
bandwidth utilisation and agreed QoS, three important components have been identified. These are 
connection definition and diversity, connection mapping algorithm and signalling control protocols. 
The model shown in
Figure 7-1, which includes the three components, is proposed as a reference model for the design and 
implementation of the CM scheme in ATM-satellite.
The concept of an ATM-satellite connection supported at the air interface firstly needs to be defined 
firstly to cope with various external traffic types. A mapping algorithm on the network side is then 
required to map the external ATM services onto a suitable air interface connection type, based on the 
traffic parameters and performance objective parameters submitted by the individual service. 
Connection control signalling procedures have to be designed to assist set-up, release and 
maintenance of such a connection. The study of connection control signalling will be presented in the 
next chapter. So the focus of this chapter will be on the connection definition and mapping.
Figure 7-1 System model.
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In the previous chapters, we have optimised the MAC and LLC layers for different service types. The 
proposed novel radio CMS utilises the services provided by these optimised MAC and ARQ 
protocols. The proposed CMS aims to provide a QoS-provisioning transport of ATM traffic over 
satellite links. As mentioned, the CMS consists of three parts: a novel connection definition, a QoS- 
based connection mapping algorithm and connection control signalling,
7.3.1 Connection Definition and Diversification
The novel concept of an ATM-satellite connection at the air interface is defined via three parameters: 
connection configuration, connection mode and connection reliability.
ATM-satellite Connection = (Configuration, Connection Mode, Reliability)
This definition diversifies connection types to accommodate, with minimal provision of satellite 
channel resources, various external ATM traffic with different QoS requirements. Connection 
diversification can minimise the unused bandwidth on connections by shaping connections into 
different categories according to their service types and quality requirements. Each set of three 
parameters has been defined to include the following elements,
° Connection Configuration = {point-to-point bi-directional, point-to-point uni-directional, point- 
to-multipoint uni-directional}
The connection configurations are distinguished by the number of parties involved in the 
communications. Three types of connection configurations are provided to accommodate a wide range 
of services, i.e. Internet service, broadcast service and video-conferencing.
o Connection Mode = {permanent, semi-permanent, mixed-mode}
According to different resource-request methods and resource-holding times, a connection is 
categorised as permanent, semi-permanent or mixed mode. A permanent connection, provided with 
In-Band Resource Request (IBRR) to request extra bandwidth, holds the resources assigned during 
the connection set-up throughout the duration of communication. A semi-permanent connection relies 
on Out of Band Resource Requests (OBRR) or IBRR to reserve resources. It is allocated the required 
resources for only a fixed time interval depending on the source characteristics and on the resource 
status of network [FAN99]. In mixed mode connections, a user can utilise both IBRR and OBRR to 
adjust his temporary resource demand.
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Provided that the required CLR is met, a connection can be set to a conventional reliable transmission 
(CRT) connection, a relaxed reliable transmission (RRT) connection or an unreliable transmission 
(UT) connection in order to meet the required CLR/CTD and to speed up the end-to-end packet 
transfer. CRT connections use traditional ARQ protocols and RRT uses modified ARQ protocols 
which can perform a relaxed reliable transportation of ATM traffic by discarding cells that have lost 
significance for the application. With RRT, a packet transfer can be accelerated to meet specific cell 
transfer delay and cell delay variation requirements. Unreliable transmission connections provide a 
non-guaranteed transmission mode. The lost packets are not recovered using ARQ.
7.3.2 Connection M apping Scheme
Based on users’ traffic characteristics and the connection definition at the air interface, a connection 
mapping algorithm (CMA) is proposed. The concept of connection mapping is shown in Figure 7-2. 
The CMA maps an external ATM service onto a suitable ATM-satellite connection that is associated 
with performance objective parameters, which are related to the original QoS requirement of the ATM 
traffic. The algorithm, taking into consideration source characteristics, QoS requirements, channel 
impairments and bandwidth allocation, aims to achieve the performance objectives of CLR and CTD 
with minimal bandwidth allocation. However, it is worth mentioning that the higher bandwidth 
efficiency that the algorithm can offer, the more complex the algorithm will be and the more 
processing resource will be required. This trade-off will always exist.
The task of the CMA is to determine the configuration, mode and reliability of the ATM-satellite 
connection. The performance parameters of CLR and maximum CTD at the radio interface are used to 
determine the suitable radio connection type for a particular ATM service. The connection 
configuration is decided directly by the number of involved calling parties. In the following, we focus 
on the mapping of the connection mode and the reliability of the connection.
o Connection Reliability = {reliable, relaxed-reliable, unreliable}
Mapping Algorithm Network 
RCL layer
a ir interface 
connection type
RCL layer
Terminal
Figure 7-2 Connection m apping concept (RCL: radio control layer).
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Mapping of the connection mode contains two major tasks: to determine the resource request method 
and the amount of resource to be allocated. The mapping needs to take into consideration the QoS 
requirements and the channel impairments. The concept of effective bandwidth [GUE91], which is the 
bandwidth needed for an ATM service to ensure its required QoS on the ATM-satellite link, is 
adopted in this study. In the following, we discuss the mapping method for different ATM service 
categories. The symbols Brq, Beff, Btp are used to denote respectively the required user bandwidth at the 
ATM layer, effective bandwidth and temporary bandwidth reserved through out-of-band resource 
request.
a CBR services
For Constant Bit rate (CBR) services that generate traffic with a constant bit rate, a permanent 
connection is the suitable mode. To counteract the fading influence of the satellite channel and ensure 
the real-time QoS, the effective bandwidth rather than the CBR peak cell rate needs to be allocated by 
the network. Assuming a large window size and an accurate prediction of the channel packet error rate 
(PER), the Beff of a single CBR source can be computed using a simple queuing model as shown in 
Figure 7-3,
7 .3 .2 .1  M a p p i n g  th e  C o n n e c t io n  M o d e
Figure 7-3 CBR service effective bandwidth B calculation model.eff
In this model, a buffer with an average input cell arrival rate Xc and average output cell rate A, is 
considered. If we assume the cell loss probability due to the buffer overflow is PB and the cell flow 
into the channel with average rate of \ h we then have [SCH96],
l = X - A rP„ a-i)
Assuming that the PER in the mobile channel is £  and the link capacity is C, the correctly received 
packet departure rate from the channel Xj can be written as
A , = ( l  - e y e  (7'2)
When the considered packet transmission reaches an equilibrium point, the following equation holds,
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X 1 +  X r  — X f  + X d  + X r
X\ -  Xf +Xj (7-3)
where Z(l is the packet loss rate due to the channel impairments and A is the packet retransmission
rate. In a reliable link transmission, a packet lost in the channel is retransmitted until it is correctly 
received. Therefore, Ad is considered to be zero. From equation (7-1) to (7-3), we can derive C as,
If CLRnq denotes the required cell loss ratio by the service, then PB should satisfy the following 
condition in order to meet the required CLR,
The effective bandwidth Beff can be regarded as the assigned link capacity C that allows a cell loss 
ratio of CLRrei], so the Beff is given by,
© Rt-VRR services
The mixed connection mode applies to Real-time Variable Bit rate (Rt-VBR). Because Rt-VBR 
services are real time and the cells have to be transmitted within the required maximum CTD time, 
effective bandwidth is required to be allocated on a permanent basis to guarantee the QoS. Meanwhile 
the out-of-band resource request method of the semi-permanent connection mode is also provided to 
solve the serious cell loss problem due to the peak rate of a traffic burst or a long error burst of a 
seriously faded channel.
Due to the unpredictable traffic characteristics of the VBR services, computing the effective 
bandwidth is difficult. An approximate approach, which is presented in [MOH97] to calculate the 
effective bandwidth for a single on-off VBR source, could be a reference. As derived in [MOH97], 
the following equation is used to calculate the effective bandwidth for the traffic transmission on a 
channel with low bit error rate.
Pb — GLRreq
1 -  £ (7-5)
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(7-6)
Where
n ,  A ,] ( A /2 ) ,  f t ] ( 1+ 2)>  CLRo respectively denote the terminal buffer size, packet rate in off (on) state of the 
VBR model, transition rate from state off to on (on to off) of the VBR model, cell loss ratio due to 
buffer overflow. However, further study of the effective bandwidth for VBR services is needed in 
order to achieve a more accurate approximation. This work is out of the scope of this thesis and it is 
suggested for the future research.
o Nrt-VBR, ABR, UBR services
Nrt-VBR, Available Bit Rate (ABR), Unspecified Bit Rate (UBR) services are all non-real time 
services. Because they are CTD and CDV tolerant service types, allocation of effective bandwidth is 
not necessary for these services and the semi-permanent connection mode can apply to ABR and UBR 
services to improve the channel utilization. The resource assigned to Nrt-VBR services consists of 
two parts. One is the ATM layer requested cell rate and the other part is the bandwidth dynamically 
reserved by out-of-band resource requests. So the non-real time VBR services are mapped onto a 
mixed connection mode.
7.3.2.2 Mapping the Connection Reliability
For some real-time services, cells that are delayed in the network by more than the specified CTD are 
considered to be of less value, or no value at all to the application [ATF96]. If a reliable traffic 
transmission cannot meet the required CTD when the effective bandwidth is provided, discarding 
these cells at the logic link layer will improve the CTD performance. This type of transmission is 
called as relaxed reliable transmission in this study.
The relaxed reliable transmission has to ensure that the total cell loss ratio CLRT resulting from the 
buffer overflow and the non-ideal physical channel meets the required CLRreq. Let CLR0 denote the 
cell loss ratio due to the buffer overflow and CLRc denote the cell loss ratio due to the non-ideal
physical channel, CLRT can be given as per [MOH97],
CLRT = CLRo + (1 - CLRo) CLRc
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Let the Timer denote the retransmission timer of the ARQ protocol and MaxCTD denote the maximum 
cell transfer delay required, then N, the maximum transmission number of each packet at logic link 
layer before the maximum cell transfer delay is reached, is given as
N  =
M axCTD + \ (7-7)
Since each packet can only be transmitted N times, the packet loss ratio in the channel CLRc is,
C L R = £ n (7-8)
To ensure that the required CLR and CLRT satisfy the inequality,
CLRt <CLRmi (7-9)
this requires the following;
CLR0 + (1 -  CLR0 )e N< CLRm, (7-10)
As indicated in Eq.7-10, if we can choose a buffer size for which CLR0 satisfies Eq.7-10, then the 
relaxed reliable mode can be used. In the case that a large buffer size can be provided, then for most 
of the e values, CLRo=0> we have
£ n <(7-11)
Given that Eq.7-10 can be satisfied, CBR services and Rt-VBR services, which have a certain level of 
the cell loss tolerance, can be considered to use the relaxed reliable transmission to improve the CTD 
performance.
The Nrt-VBR and ABR services require a low cell loss ratio and have no strict requirements on CTD 
and CDV, so the reliable transmission modes are adopted. For UBR services, because the network 
does not commit guaranteed service quality to this type of service, relaxed reliable transmission or 
unreliable transmission could be utilized when the system is congested. The connection-mapping 
scheme is summarized in Table 7-1.
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C B R R t - V B R N r t - V B R A B R U B R
C o n n e c t i o n
r e l i a b i l i t y
Reliable
or
Relaxed Reliable
Reliable
or
Relaxed Reliable
Reliable Reliable Relaxed
reliable
or
Unreliable
C o n n e c t i o n
M o d e
Permanent Mixed Mixed Semi-
Permanent
Semi-
Permanent
R e s o u r c e
A l l o c a t i o n
Beff Beff+B,p Brq+Btp Btp Btp
Table 7-1 Connection mapping scheme.
7,4 Simulation Results
The channel model proposed by Zorzi [ZOR95] was used to analyse the performance of the proposed 
scheme. Since the voice traffic can tolerate certain levels of cell loss, the relaxed reliable finite buffer 
ARQ protocol presented in the previous chapter is modelled and used to investigate the performance 
of voice traffic in which some voices cells that are delayed in the network by more than the specified 
CTD are discarded.
In this study, we focus on investigation on the performance of mapping the voice traffic onto an 
ATM-satellite connection to which the Beff is allocated. The Beff is computed by using Eq.7-5. The 
performance of the transmission using both reliable and relaxed reliable transmission mode was 
evaluated and compared in order to verify that the relaxed reliable transmission could provide a better 
CTD performance as well as a satisfactory CLR performance for individual users in the presence of 
channel fading conditions.
The round-trip propagation delay between the SAT and GTW is considered to be 500ms. The voice 
traffic generates voice packets at 32kbps. Since voice packets are required to be delivered in real time, 
the maximum transmission delay, MaxCTD, is considered to be 1450ms in a relaxed transmission 
mode. Partial voice packets that have not been transmitted within the required MaxCTD are 
discarded. The MaxCTD is regarded to be infinite in a reliable transmission. The Retransmission 
timeout at the logic link layer is set to be 750ms for a GEO satellite system.
Figure 7-4 to Figure 7-7 show the performances of CLR and CTD for the voice traffic transmitted 
with assigned Beff in a flat fading channel using reliable transmission mode and relaxed transmission 
mode. At each simulation point in these figures, the effective bandwidth, which is calculated 
according to the corresponding CLRreq and fading margin related to the average channel PER by 
Zorzi’s channel model, is utilised.
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Fading M argin (dB)
Figure 7-4 CLR of the relaxed reliable transmission mode vs. fading margin.
Fading Margin (dB)
Figure 7-5 CTD vs. fading margin (CLRreq=0.0001).
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Figure 7-6 CTD vs. fading margin (CLRreq=0.005).
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Figure 7-7 CTD vs. fading margin (CLRreq=0.01).
The performance of the CLR in a relaxed reliable transmission mode under different CLRreq 
requirements of 0.0001, 0.005 and 0.01 are shown in Figure 7-3. The buffer size is 172.8kbits. The 
CLR performance of a reliable transmission under the same simulation parameters are all zero, 
therefore their results are not displayed in Figure 7-4. The results show that the cell ratio discarded in 
the relaxed transmission mode has a polynomial relationship with the fading margin. When the fading
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margin is less than 16dB, the number of discarded cells becomes high and sensitive to the fading 
margin. However, these performances demonstrate that the relaxed reliable transmission can 
adequately maintain the CLR to the required level as the reliable transmission mode. Partial 
discarding of the packets delivered over time does not damage the transmission stability.
The performance of the mean end-to-end CTD under different CLRreq requirements of 0.0001, 0.005 
and 0.01 are shown in Figure 7-5, Figure 7-6 and Figure 7-7 respectively. From the CTD delay 
performance revealed in Figure 7-5 and Figure 7-6, we observe that the effective bandwidth computed 
approximately by Eq.7-5 can provide a guaranteed CTD delay performances for both transmission 
modes whilst the required CLRieq is met, given that the fading margin is higher than 14dB. The 
performance is degraded when the fading margin is less than 14dB. However, it offers a performance 
that is close to the required CTD of 1450ms. In Figure 7-7, where the CLRreq is 0.01, the 
approximated Beff cannot meet the required CTD even with a large fading margin of 3 IdB. The reason 
for this is that the approximation of the effective bandwidth given in Eq.7-5 is optimized to the 
performance objective of the CLR and not to the maximum CTD. To guarantee the performance of 
both CTD and CLR under any channel fading condition, a more accurate Beff  approximation, which 
may be a function of channel fading, buffer size, MaxCTD, round-trip delay and retransmission 
timeout, should be considered for further study.
The poor CTD performance at low fading margin can be improved by increasing the allocated 
bandwidth. However, this improvement is limited. When the limit is reached, a more powerful 
forward error control is needed to counteract the channel fading rather than an ARQ protocol alone. 
This is due to two reasons. Firstly, in order to provide a sequence-in-order service to the higher layer, 
some correctly received packets are kept in the receiver buffer waiting for the lost packets that have 
smaller sequence numbers. The waiting delay in the receiver buffer is difficult to trace and control. 
This is the major reason that the mean packet transfer delay is longer than 1450ms. A second reason is 
that, in the relaxed reliable transmission mode, only partial packets, which have a packet transfer 
delay longer than MaxCTD, are discarded. This is to protect the packet transmission from suffering an 
uncontrollably high packet discarding when a severe fading is encountered. Some correctly received 
packets having a long CTD are delivered to the higher layer.
It is also observed from Figure 7-7 that the relaxed reliable transmission mode can provide a much 
better CTD performance than the reliable transmission mode at a high packet error rate and can 
maintain the delay performance closer to the required delay level than the reliable transmission mode.
Because the computation of the effective bandwidth is based on an accurate prediction of the average 
packet error rate in the channel, we also investigate the impacts of an inaccurate packet error rate 
prediction. The effects of an inaccurately predicted channel packet error rate on the performance of
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the CLR and CTD are shown in Figure 7-8 and Figure 7-9. The CLRreq, the buffer size and the average 
channel PER used in the simulation are 0.005, 90kbits and 0.070, respectively. The approximated Beff, 
according to Eq.7-5, is 51.72kbps. Figure 7-8 and Figure 7-9 show that the performances of CLR and 
CTD are critically dependent on the predicted packet error rate (PER) value. However, increasing the 
buffer size at the transmitter can solve this sensitivity problem. It is found that the CTD performance 
benefits more from an increased bandwidth than an increased buffer size because the CTD 
performance is mainly decided by the allocated bandwidth, channel fading condition and the round- 
trip delay.
Real Channel PER - Predicted Average Channel PER (fixed at 0.07)
Figure 7-8 CLR vs. offset of the predicted channel PER from the real channel PER.
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Figure 7-9 CTD vs. offset of the predicted channel PER from the real channel PER.
The above simulation results show that the effective bandwidth approximation obtained from Eq.7-5 
can ensure the required CLR for the voice transmission over satellite given the buffer size larger than
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90kbits. It is also able to provide a CTD performance that is close to the required MaxCTD. When a 
high PER occurs in the mobile channel, the CTD performance may be further improved by using the 
relaxed reliable transmission mode. The effective bandwidth approximation given in Eq.7-5 offers the 
advantage of a close approximation to the accurate effective bandwidth, which can guarantee both 
CLR and CTD for any channel condition.
7o5 Conclusions
A novel radio connection management scheme for QoS-provisioning transport of ATM traffic over 
satellite links has been presented in this chapter. The proposed connection management scheme 
effectively manages the air interface connections for ATM services through diversifying connection 
types, establishing QoS-based connections and deploying an efficient connection mapping and control 
scheme. The scheme is optimised to target the specific performance objectives of cell loss rate for 
individual services, and enables the network to keep unused bandwidth on a connection to a 
minimum. Computation of the effective bandwidth for constant bit rate services has been detailed.
The performance of the connection management scheme is evaluated by characterising the 
performance of Cell Loss Rate (CLR) and Cell Transfer Delay (CTD) of voice traffic transmission in 
the presence of a channel fading. The simulation results show that the effective bandwidth 
approximation obtained from the computation model can ensure the required CLR for voice 
transmission over the satellite. It can also provide a CTD performance that is close to the required 
MaxCTD. When a high packet error rate occurs in the mobile channel, the CTD performance can be 
further improved by using the relaxed reliable transmission mode. The approximation model proposed 
in this work offers a reasonably good approximation to the accurate effective bandwidth.
However, accurate computation algorithms for the effective bandwidth of constant bit rate services 
and variable bit rate services under different channel conditions, which can satisfactorily provide both 
required CLR and CTD with a minimal bandwidth provisioning, needs to be extensively investigated. 
This is suggested for the future work.
The proposed radio connection management scheme together with the optimised MAC and ARQ 
provides a framework of interworking protocols for ATM over satellites. It can also find applications 
in other systems that involve the integration of terrestrial protocols and mobile satellites.
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C h a p t e r  8 ATM-Satellite Air Interface Call 
H a n d l i n g
B a s e d  o n  t h e  s y s t e m  a r c h i t e c t u r e ,  m u l t i p l e  a c c e s s  s c h e m e ,  e r r o r  c o n t r o l  s c h e m e  a n d  c o n n e c t i o n  
m a n a g e m e n t  s c h e m e  d i s c u s s e d  i n  t h e  p r e v i o u s  c h a p t e r s ,  w e  p r o p o s e  a  c o n n e c t i o n  c o n t r o l  a n d  
c a l l  h a n d l i n g  s c h e m e  f o r  a n  A T M - S a t e l l i t e  i n t e g r a t e d  s y s t e m  i n  t h i s  c h a p t e r .  A  r e s e r v a t i o n  
m e t a - s i g n a l l i n g  i s  p r o p o s e d  f o r  s e t t i n g  u p  s i g n a l l i n g  c o n n e c t i o n s  a t  t h e  u s e r - n e t w o r k  r a d i o  
i n t e r f a c e .  C a l l  p r o c e s s i n g  t e c h n i q u e s  s u c h  a s  a u t h e n t i c a t i o n ,  l o c a t i o n  u p d a t e ,  p a g i n g ,  h a n d o v e r  
a n d  c a l l  r o u t i n g ,  a r e  d i s c u s s e d  a n d  c a l l  s e t - u p  p r o c e d u r e s  f o r  b o t h  m o b i l e  o r i g i n a t e d  a n d  
t e r m i n a t e d  c a l l s  a r e  p r e s e n t e d .  T h e  o b j e c t i v e  o f  t h i s  c h a p t e r  i s  t o  d e m o n s t r a t e  t h e  c a l l  c o n t r o l  
a n d  r o u t i n g  i m p l e m e n t a t i o n  f o r  t h e  A T M - s a t e l l i t e  s y s t e m .
8.1 Introduction
The new ATM-satellite signalling procedures must be flexible enough to support terminal 
mobility and satellite access functions whilst utilising sufficiently the fixed ATM signalling 
protocols. For this reason, the ATM-satellite call control function should be based upon the 
Q.2931 signalling scheme. However, signalling integration always faces the difficulty of 
compromising the trade-offs between the signalling simplicity, bandwidth efficiency and 
integration cost. In chapter 4, we have suggested an ATM Q.2931 compliant approach of the 
ATM-satellite system protocol architecture.
Based on this suggested approach, in this chapter, we address the call control related issues at 
the control and mobility plane and propose a call handling solution for ATM-satellite 
integrated systems. At the control plane, we address call routing strategies and call handling 
management that are specific to establishing, maintaining and releasing a link over satellite. 
At the mobility plane, we address terminal authentication, location update, paging and 
handover procedures.
The discussion in this chapter is centred on mobility specific connection set-up and call 
routing procedures. A reservation meta-signalling is proposed to set up a dedicated signalling 
at the air interface. Signalling implementations such as incoming call routing, outgoing call 
delivery, handover routing and paging techniques, are presented. The call set-up procedures 
for point-to-point and point-to-multipoint signalling protocol procedures are described at the 
end of chapter.
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8.2 Service-Based Network Access Control
As we can see from the MAC scheme that has been proposed for the mobile ATM-satellite 
network, mobile terminals initially access the network using the random access method. The 
performance of random access has been discussed in the previous chapter. Here we address 
the mechanisms for controlling the user’s access. A network usually needs mechanisms to 
perform system load control, security control and collision control. In advanced 
telecommunication systems, the access control mechanism is expected to provide more access 
options such as user-specified access control and group-specified access control. 
Consequently, supplementary services and possibly signalling procedures are required to set 
up the user defined or the group-defined access rules.
The security control service can adopt password-based access control. The collision control 
requests the network to perform a collision resolution algorithm that executes the collision 
access rales to resolve the collisions. The simplest and most commonly used collision 
resolution scheme is the random backlog delay, as used in our proposed MAC protocol.
The access rales that control the access load is important considering a heavy traffic to be 
carried in the future communication systems. A good access load control method can also 
reduce the collision rate in a random access channel. As far as the signalling and protocol 
performance is concerned, the system access load control is investigated here.
Because the access method in the proposed MAC scheme adopts a random manner, the 
throughput can be very low. The throughput of the random access (RA) channel decreases 
quickly when the channel load rises beyond 1. The load control has to ensure that the access 
channel does not become a bottleneck for the network operation. It is expected that a fast 
overload detection and fast overload control can be deployed in the network. Once an 
overload is detected, immediate overload control can quickly relieve the overload condition. 
An ideal throughput performance of the RA channel with effective control scheme is 
illustrated in Figure 8-1.
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Figure 8-1 Ideal RA performance with effective overload control.
The load control can adopt a priority-based access control mechanism. In an ATM-satellite 
system, since the priority is mainly decided by the service type, we propose a service type 
based priority control scheme. Meantime, rules should be used to prioritise the calls with 
special needs such as emergency access and handover access.
This service type based control scheme aims to ensure a fast access and high throughput of 
delay sensitive services. The control procedure is as follows:
1. The network first prioritises all the service requests according to the following 
priority order and assigns a priority code to each of them according to their services 
type.
CBR > Rt-VBR > Non-rt VBR > ABR > UBR
2. When a terminal accesses the network, its priority code should be included in the 
initial access message.
3. The network keeps a record of access and collision statistics and periodically 
dimensions the traffic condition on the channel. The network decides whether the 
channel is in overload, normal or underload condition, according to the statistics 
record.
4. If the network detects an overload, it broadcasts a “stop access” message in the 
downlink feedback channel with the lowest priority codes included. The active users 
whose code is included in the message will temporarily stop accessing and wait for a 
further notice.
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5. If the overload condition is not changed after a time period, the second lowest priority 
group will be stopped to access the network by network broadcasting their priority 
code in the downlink feedback channel (FC). The process will continue until the 
channel enters a stable normal traffic condition.
6. When the system is recovered from the overload, the network will broadcast a “start 
access” message in the feedback channel. Upon receiving this message, those 
terminals will start to access the network as normal.
7. The network can gradually block the access of different priority groups one after 
another. It can also block the access of several priority groups at the same time in 
order to achieve a fast load reduction.
8.3 Reservation Meta-signalling for Signalling Connection 
Set-up
8.3.1 M eta-signalling in ATM
As we know the user-to-network signalling connection set-up adopts two methods in ATM. 
For a point-to-point configuration, a dedicated signalling channel with default value VCI=5 
is used. In a point-to-multipoint user-network interface (UNI) case, signalling connection is 
set up on demand by a meta-signalling protocol. This is needed because of the large 
bandwidth and the wide variety of services supported in ATM requiring a number of different 
signalling procedures. Thus B-ISDN signalling channels are not permanently defined.
The objective of the signalling connection set-up is to request both the VPI/VCI and channel 
resource for setting up a dedicated signalling channel. Meta-signalling is a simple protocol 
with 5 messages. All the commands are given space in one ATM cell, each via a reserved 
ATM channel with VCI=1 and default VPI=0. Meta-signalling is invoked by the user 
following a call establishment request from the application layer. It could also be invoked by 
the network to maintain the on-going signalling connections. A major task of meta-signalling 
is to obtain both the requested bandwidth and the VPI/VCI identifier for the traffic 
connection. From this point, the VPI/VCI also become a type of resource similar to the 
bandwidth resource that needs to be dynamically assigned on demand.
The satellite system is a typical point-to-multipoint UNI configuration system. Meta­
signalling therefore needs to be considered to undertake the task. However, the efficiency of
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adapting this scheme directly to a satellite system must be addressed before implementation. 
In the following, we will show that a direct implementation is not efficient. Two different 
approaches to encapsulate the ATM meta-signalling into an ATM-satellite system have been 
identified. These two solutions imply two different protocol reference models of ATM- 
Satellite integration, as shown in Figure 8-2.
ATM Higher layer + RCL
RCL ATM
DLC DLC
MAC MAC
PHY PHY
(a) (b)
Figure 8-2 Protocol stacks (a) split connection set-up required stack (b) meta­
signalling connection set-up required protocol stack.
8.3.2 Solution A —-Random Access M eta-signalling
As there is no dedicated signalling channel for meta-signalling at the air interface, the only 
possible method for meta-signalling to undertake signalling connection set-up is to implement 
the random access protocol on a random access channel. The same “ASSIGN REQUEST”, 
“ASSIGNED” and “DENIED” messages in the ATM meta-signalling protocol can be adopted 
to complete the signalling connection set-up. All users share this common random access 
channel. Whenever a user wants to set up a connection, the user sends its meta-signalling 
message to the network asking for channel and VPI/VCI resource.
A disadvantage of this protocol lies in the inefficiency of channel utilisation. In this solution, 
the meta-signalling message is sent directly on the random access channel. Because each 
meta-signalling message is 53 bytes which a big random access burst size, the access 
throughput is relatively low and collision is relatively high. This causes bandwidth wastage. 
Besides, some information provided in the “ASSIGN REQUEST” message is not necessarily 
sent at the initial access stage in the satellite case. However, an advantage of this protocol is 
its short access delay without reservation requirement.
8.3.3 Solution R— Reservation M eta-signalling
In this solution, connection set-up can be split into two steps. The first step is to use a small 
reservation packet to reserve an uplink timeslot to transmit the meta-signalling message. The
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second step is to perform meta-signalling on a reserved timeslot to request VPI/VCL Unlike 
the ATM meta-signalling that requests channel resource and VPW CI resource at the same 
time, reservation meta-signalling separates channel reservation from VPI/VCI reservation. 
The flexibility of this scheme is that small packets can be used for reservation so that random 
access can be limited to a small area. All other channels will be reserved and assigned without 
contention. Throughput and channel utilisation are therefore higher than in random access. 
The disadvantage of this scheme is that an extra round-trip delay may be introduced. This 
solution requires a radio control layer below the ATM layer in order to create and process 
reservation packets. The protocol stack is shown in Figure 8-2 (a).
8.3.4 Performance Comparison
We should note that the major task of the above two connection set-ups is to complete both 
VPFVCI and channel resource assignment during a connection set-up. Solution A and B 
represent different ways to achieve this aim.
Comparisons between these two protocols are shown below. First, solution A can have better 
delay performance than solution B because there is no reservation required in solution A. 
Packets are sent to the channel directly. However, this method is not flexible in terms of 
organising the channel frame. In some cases such as paging and channel measurement 
reporting, smaller packets will be more appropriate than satellite-ATM cells and can save on 
the limited satellite channel resources. Solution B overcomes the aforementioned drawbacks, 
but can lead to a longer delay since the reservation needs to be made before meta-signalling.
To decide upon which protocol is optimal for an ATM-satellite system, we have studied their 
performance in bandwidth utilisation and connection set-up delay. Considering that the 
satellite channel resource is so demanding that it has become the major concern for a system 
designer, we set our criterion for protocol selection as utilisation of bandwidth.
It is seen that solution B possesses the potential to meet this criterion. A careful design of the 
proportion of mini-reservation slots to packet slots in the satellite channel can further improve 
channel throughput. In addition, solution B can also outperform solution A on delay 
performance in some cases given that they both have the same call arrival rate and the 
reservation slots are significantly small in solution B.
If we let Tt be the channel frame duration, Tg the guard time between timeslots, 70, the
timelslot duration and N  the number of timeslots per frame. Then in the case of solution A, we 
have:
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T , = N ( T S +  TS )
In the case of solution B, we assume that M  out of A7 timeslots are used for reservation. Each 
one of M  frames can split into L mini-reservation slots. The guard time between mini­
reservation slots is the same as that between data timeslots. Let T  be the duration of the 
mini-reservation slot, then we have
Let us assume that both channels are under the channel load G that is equal to 1. Then the 
throughputs of solution A and B on the random access channel are both e~l . The channel
It is not difficult for B to fulfil requirements of Eq.8-1 and Eq.8-2. Reservation packets only 
contain reservation cause and reference number. They are very small packets compared to the 
ATM-satellite cell which is in excess of 53 bytes, and normally can accommodate more than 
3 minislots. Once the L is chosen, we can carefully select M  and the expected throughput will 
be achieved.
Based on the above considerations, solution B is preferred to undertake the signalling 
connection set-up in an ATM-satellite system. Performance of this protocol is dominated by 
the reservation channel performance, e.g. the slotted aloha protocol. If we assume that the 
mean throughput of the slotted aloha channel is rjsa , then the channel throughput of solution 
B, 7]B are given as:
T , = ( N -  M W .  + T g ) +  L ( T m +  Ts )
utilisation of solution A is e 1. In solution B, if we can satisfy the following conditions
L x M  
N
>1 (8-1)
and
L x  M  x e ~ l < ( N -  M ) (8-2)
Then the channel utilisation in solution B is
L x M  Xe 1
 —  which is higher than in solution A.
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The performance of the reservation meta-signalling (RMS) connection set-up is measured by 
means of set-up delay and link efficiency. Link efficiency is defined as the utilised data traffic 
bandwidth to total bandwidth held. Two parameters, reservation packet size (RPS) and the 
numbers of reservation channels, are taken as variables in the simulation. Here we assume 
that there are k timeslots per frame and n out of the k timeslots are used for reservation. Each 
of the n slots can be divided into m mini-reservation slots.
The distributions of the delay and link efficiency variations with the RPS are shown in Figure 
8-3 and Figure 8-4, given that the reservation request arrival rate is 20.76 calls/s, it is 10 and n 
is 1. It can be seen that reducing RPS leads to a fast decrease of set-up delay and increase of 
link efficiency. Link efficiency can reach 0.53 and is much longer than the 0.368 of slotted 
aloha. However, the set-up delay has a minimum bound and the link efficiency a maximum 
bound. Further improvement of delay and link efficiency cannot be achieved by reduction of 
RPS.
Figure 8-5 and Figure 8-6 show performance of set-up delay and link efficiency for different 
n that determines the amount of bandwidth used for resource reservation. Clearly, increasing 
n can enhance both the set-up delay performance and link efficiency. However, increasing n 
implies a decrease of the available bandwidth for data traffic. If this increase causes the total 
available bandwidth for data traffic to go below the total traffic bandwidth required by 
existing active users, then the traffic bandwidth will be fully utilised. This is the reason that 
the link efficiency shown in Figure 13 drops to 0.5 and 0.4 when n is increased to 5 and 6 
respectively.
The achievable minimum set-up delay and maximum link efficiency are dominated by the 
reservation request load, reservation packet size and available bandwidth for reservation. 
Under conditions of known system load and RPS, an optimal bandwidth for the reservation 
channel exists, for which the maximum system link efficiency can be achieved.
Simulation results show that RMS exhibits good performance on comiection set-up delay and 
link efficiency. Its throughput performance is better than that of random access. Moreover, 
the achievable able maximum link efficiency improves with the reduction of RPS whilst the 
connection set-up delay can also be improved to a satisfactory level.
8 .3 .5  S i m u l a t i o n  R e s u l t s  o f  R M S  C o n n e c t i o n  S e t - u p
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Reservation Packet Size (bytes)
Figure 8-3 Mean set-up delay vs. reservation packet size.
Reservation Packet Size (bytes)
Figure 8-4 Link efficiency vs. reservation packet size.
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Ratio of Reservation Channels to Data Channels
Figure 8-5 Mean set-up delay vs. Ratio of reservation slots to data slots.
Ratio of Reservation Channels to Data Channels
Figure 8-6 Link efficiency vs. Ratio of reservation slots to data slots.
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8o4 Logical Channels
The logical signalling channels required at the air interface of the integrated ATM-satellite 
system have been identified. We focus on those logical channels devoted to connection 
control and call control protocols. The definition and description of these signalling channels 
are given in Appendix B and their applications and multiplexing mode are summarised in 
Figure 8-7. These channels are defined based on the operational requirements of the proposed 
ATM-satellite signalling system.
Channel 
jj name
Description Application From To Multiplexing
I  u s c U p l i n k  S y n c h r o n i s a t i o n  
C h a n n e l
Synchronisation SAT P/L Slotted Aloha
D S C D o w n l i n k  S y n c h r o n i s a t i o n  
C h a n n e l
Synchronisation P/L SAT TDM i
f" R R C  
1
R e s o u r c e s  R e q u e s t  
C h a n n e l
Resource
Reservation
SAT TRM Slotted Aloha
0 R A C R e s o u r c e s  A s s i g n m e n t  
C h a n n e l
Resource
Assignment
TRM SAT TDM
j F C F e e d b a c k  C h a n n e l Feedback
Information
TRM SATs TDM
B C B r o a d c a s t  C h a n n e l Broadcast
Channel
MCS SATs TDM
C S C
( S A T )
C o m m o n  S i g n a l l i n g  
C h a n n e l
Common
Signalling
MCS SATs TDM
D M S C D e d i c a t e d  M e t a - S i g n a l l i n g  
C h a n n e l
Meta-signalling SAT MCS DAMA
D S C C
( S A T )
D e d i c a t e d  S i g n a l l i n g  
C o n t r o l  C h a n n e l
Dedicated
Signalling
SAT
MCS
MCS
SAT
TDMA
TDMA
P G C P a g i n g  C h a n n e l Paging MCS SAT TDM
S A S C S l o w  A s s o c i a t e d  S i g n a l l i n g  
C h a n n e l
Associated
Signalling
SAT
GTW
GTW
SAT
TDMA
T C H T r a f f i c  C h a n n e l Traffic Channel SAT
GTW
GTW
SAT
TDMA
F S C C F o r w a r d  S a t e l l i t e  C o n t r o l  
C h a n n e l
Resource
Management
MCS TRM TDMA
R S C C R e t u r n  S a t e l l i t e  C o n t r o l  
C h a n n e l
Resource
Management
TRM MCS TDM
D S C C
( G T W )
D e d i c a t e d  S i g n a l l i n g  
C o n t r o l  C h a n n e l
Dedicated
Signalling
MCS
GTW
GTW
MCS
TDMA
C S C
( G T W )
C o m m o n  S i g n a l l i n g  
C h a n n e l
Common
Signalling
MCS
GTW
GTW
MCS
TDM
G R R C G T W  R e s o u r c e  R e q u e s t  
C h a n n e l
Resource
Reservation
GTW TRM Slotted Aloha
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Figure 8-7 Logic signalling channel summary.
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In this work, we assume that the ATM-satellite system maintains the relationship between the 
ATM-satellite network address space and the fixed ATM network address space, i.e. at each 
ATM-satellite network element, it will always be possible to acquire the ATM-satellite 
network address given its ATM network domain identity or vice-versa.
With respect to system mobility signalling, which is used to route an incoming, handover or 
outgoing call, the approach of centralised location management architecture is considered. We 
assume that the location area (LA) and paging area (PA) are both defined as same as per the 
spotbeam coverage, the home location register (HLR) attached to the MCS centrally controls 
the location update and paging for the coverage of one satellite.
8.5.1 Authentication
In this work, we assume that the user authentication centre (AC) resides with the HLR, but 
the visitor location register (VLR) will be temporarily granted parts of the authentication 
functions when the user resides in the visited location area [MOU92]. Two types of 
authentication are identified to be integrated into the control plan of the ATM-satellite 
specific protocol: SAT-MCS Authentication and the MCS-MCS Authentication. The SAT- 
MCS authentication mechanism will be used to authenticate the user terminal at the location 
update and call set-up time. The authentication procedure will be either user or network 
initiated. Dependent on the system security requirements, the authentication can be a mutual 
authentication between two MCSes. For MCS-MCS authentication, a similar procedure to 
SAT-MCS authentication can be used.
8.5.2 Location Update and Paging
As the location area is defined as the area of a spotbeam, location update is expected to be 
performed when a mobile terminal crosses the location area boundary. Three different 
crossing cases are identified; in-call crossing, standby-mode crossing and idle-mode crossing.
8.5.2.1 In-call crossing
In-call crossing refers to the boundary crossing when a mobile terminal is in an active call. 
The terminal will firstly carry out the handover followed by a location update procedure. The 
location update can be initiated by either the mobile terminal or the network.
8 . 5  C a l l  P r o c e s s i n g  T e c h n i q u e s
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8 .5.2.2 Standby-mode crossing
A terminal may cross the boundary in a standby mode. The location update procedure is 
initiated by a mobile terminal once the change of the residing spotbeam is detected. In this 
case, the terminal has to access the network and obtain a signalling channel before the 
location update procedure can be executed.
8 .5.2.3 Idle-mode crossing
In the idle mode, a terminal is in detach mode and is power-off. It is considered to be 
temporarily unreachable by the network. The location update procedure will not be executed 
until the terminal is switched on again. The location update procedure is performed 
immediately after the terminal synchronises itself to the network.
Because the location area and the paging area are the same, the HLR has the accurate 
information of the terminal’s residing spotbeam unless the terminal is currently in a state of 
detachment. Thus the terminal is only necessarily paged in the spotbeam it resides in. Paging 
is a single message sent on the downlink paging channel. Upon receiving the paging message, 
the terminal accesses the channel and sets up the connection.
8.5.3 Incoming Call Delivery
The gateway is responsible for fetching the location information and routing the call towards 
the MCS through which the subscriber can obtain services at this instant (the visited MCS). 
When an incoming call arrives at a gateway, the gateway looks up its database to determine 
the HLR of the called mobile terminal. The gateway visits the HLR and requests the location 
and routing information of the HLR. The HLR verifies the identification and accessibility of 
the called mobile terminal and advises the gateway of the address of the correct MCS for 
which the called mobile terminal is currently registered, and therefore to which the call should 
be routed. The address obtained is then sent back to the gateway. Gateway delivers the 
incoming call to the MCS visited by the called user. The MCS looks up the database and finds 
the spotbeam in which the mobile terminal resides at that instant. The MCS pages the mobile 
terminal in the spotbeam until the terminal accesses the channel to respond to the paging. 
After both channel and VPI/VCI are assigned to the user, the authentication will be 
performed. Finally, the call set-up request from the calling user is delivered to the called user.
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8.5.4 Outgoing Call Routing
Each MCS is assumed to be connected to an ATM switch node via a gateway. An outgoing 
call is firstly routed to the MCS and further routed to the gateway that can perform the 
interworking functions. In this case, an outgoing call is firstly authenticated by the MCS or 
HLR and is then routed by the MCS to a traffic resource manager in order to perform a 
resource reservation. If the resource is available, the call is further routed to the gateway. The 
MCS does not have an interworking functions in this case, so that all calls are routed to their 
destinations in the fixed ATM network via the gateway.
In the case that the call is raised from a mobile user for another mobile user, the MCS first 
asks the VLR to authenticate the calling mobile user and then obtains the routing information 
of the called mobile user from the HLR. The HLR sends call-routing information back to the 
calling MCS. The calling MCS sends a call set-up request to the called MCS requesting for 
the incoming call delivery information. The called MCS/VLR decides if the call can be 
delivered. Once the decision made is positive, a paging command will be sent by the called 
MCS in the location area to page the called mobile user. The mobile will response to the 
paging and starts the connection set-up procedure.
8.5.5 Handover Routing
The handover in the ATM-satellite system is a hard, backward, network initiated handover. A 
mobile terminal submits the results of link measurements to the network regularly or upon 
requests from the network. In the ATM-satellite system that we have considered in this work, 
we assume two types of handovers, the inter-MCS handover and intra-MCS handover. Intra- 
MCS handover is handled locally by the MCS to transfer the call from one spotbeam to 
another. Inter-MCS handover will be performed under the cooperation of two neighbouring 
MCSes.
Intra-MCS handover is performed simply via updating the routing table and re-allocating 
resources. The same VPI/VCI can be used but the actual channel allocation will change. Inter- 
MCS handover can take one of two methods, path extension and path re-routing [ATF97]. In 
the ATM-satellite system, the path extension is not preferable because of the longer 
propagation delay. Path re-routing is thus considered in this work.
The handover is determined by the current MCS which first searches for a target MCS and 
then sends a handover request to the targeted MCS. After the handover request has been 
accepted, the targeted MCS sends the handover acceptance to the source MCS and begins to
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transfer the necessary information. After completing the process, the source MCS serves the 
old connection.
8.5.6 Radio Connection Type Negotiation
As proposed in the previous chapter, a suitable ATM-satellite air interface connection type 
has to be determined for each ATM service requesting a connection during the call set-up 
phase. The mapping algorithm that maps the individual ATM service to a suitable type of 
ATM-satellite connection has been presented in the previous chapter. Special signalling 
procedures are needed to perform and establish the connection type. The proposed procedure 
will be performed when the call set-up message is submitted to the MCS during the call set­
up phase. The network decides what connection type to be used and sends the connection type 
information back to the mobile terminal via a signalling message. However, a negotiation of 
the connection type is permitted if the connection type that the network has proposed is not 
accepted.
8.6 Call Level Service Quality Requirements
Being more difficult than the terrestrial ATM network, the ATM-satellite network has to 
ensure a call level QoS in addition to the cell level QoS. The call level QoS is usually decided 
by the system traffic load, total resource available and handover quality. The network must 
closely monitor the system operation condition and efficiently control the traffic to ensure low 
call blocking, signalling set-up delay and signalling failure probability.
Handover must maintain the continuity and integrity of calls at a satisfactory quality level. 
The handover delay should be as short as possible to minimise the interruption to the 
communication and ensure that the handover decision still remains valid for the new mobile 
terminal position after the handover process is complete. The handover procedure should aim 
to preserve the requested QoS of the original connection. When this cannot be achieved, a 
procedure of QoS re-negotiation may be needed to minimise the communication degradation.
An acceptable call level QoS relies on an efficient management of traffic and handover 
release. It is expected that the desired QoS can be maintained with minimal trade-off of the 
channel bandwidth.
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8.7 Call Establishment Procedures
Based on the above call processing and routing discussion, we discuss and present the 
examples of call set-up procedures in this section. The main objective is to demonstrate the 
implementation of the designed ATM-satellite call handling protocols.
8.7.1 Point-to -P o in t Call Establishment
Given the above discussion of call routing, point-to-point (PTP) call control procedures for 
mobile originated and terminated call are shown in Figure 8-8 and Figure 8-9. The major 
signalling procedures performed include authentication, resource reservation, connection type 
set-up, routing and paging.
Mobile originated PTP call set-up procedure
MTl
Access Request
Initial Assignment
MCS1
->
VLR1 HLR MCS2 VLR2 MT2
VPI/VCI Request Metasignalling 
—>
Assign ACK
Radio connection type
Radio connection type ACK
Autliendcntio t Request
Authenticatio t Response
Ciphering Set
Ciphering Co nplete
Call set up
proceeding
Mnhile O/G Call Processing Keqqe:
tng
Call Processing Accept
O/G Call Routing Information
, Information Request ACK
Incoming Call Routing I iformation
Routing Informat
Call Set up
Proceeding M/T Call Routing information
Paging Request 
Paging
Figure 8-8 Mobile originated call set-up.
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Mobile terminated FTP call set-up procedure
MT2 MCS2 VLR2 MCS1 MT1
Figure 8-9 Mobile terminated call set-up.
8.7.2 Point-to-M ultipoint Call Establishment
A point-to-multipoint (PTM) ATM-satellite call set-up procedure adopts the “add party” and 
“leaf join” procedures from fixed ATM. However, with an ATM-satellite PTM call, the leaf 
terminals could include both fixed ATM end users and mobile ATM terminals. Similar to the 
ATM “add party” procedure, a root connection is set up first, using point-to-point signalling 
between calling user and the first party user. The rest of the leaf terminals join the group upon 
the “add party” request sent by the root or use the “leaf join” procedure which allows the leaf 
to initiate a join to an active connection without the intervention from the root. However, the 
difference in the PTM call set-up procedure between ATM-satellite and fixed ATM is that all 
the mobile terminals in the former case will be paged and interrogated before the join.
There are two potential problems associated with mobile PTM call set-up procedures. Firstly, 
the call set-up delay could be undesirably long due to the long propagation delay and many 
leaf parties involved. Secondly, because each leaf requires a separate connection session, the
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total bandwidth taken from the uplink/downlink could be large and inefficient. In order to 
save the uplink bandwidth, it is proposed to share the bandwidth by all the connection 
sessions on the uplink between the root SAT/GTW and the satellite payloads. So if 
applicable, the same uplink traffic channels are expected to be shared by all the leaf parties in 
the same spotbeam. A further study concerning the implementation of this bandwidth-sharing 
scheme remains for future investigation.
8.8 Conclusion
This chapter has presented a reservation meta-signalling for setting up signalling connections 
at the user-network radio interface, and a mobility-enhanced call handling protocol promoted 
from Q.2931. The advantage of the proposed ATM-satellite call control signalling is that it 
supports terminal mobility and satellite access functions whilst keeping to a minimum 
modifications to the fixed ATM signalling protocol. Call processing techniques such as 
authentication, location update, handover, incoming call delivery and outgoing call routing 
have been discussed. Call set-up procedures for both mobile originated and terminated calls 
were presented.
We have demonstrated the incorporation of mobility specific signalling into the ATM Q.2931 
standard and possible call handling procedures that can be used in the ATM-satellite network. 
The proposed signalling protocol provides a protocol reference model for ATM-satellite 
integrated systems.
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Chapter 9 Conclusions and Future Work
This thesis has addressed and presented a radio connection management scheme and a 
mobility-enhanced signalling protocol system for ATM-satellite integrated mobile 
communication systems. This chapter summarises the major contributions, presents a 
brief discussion of the results and discusses directions for the future work.
9 .1  C o n c lu s i o n s
This thesis has addressed and presented a radio connection management scheme and a 
mobility-enhanced signalling protocol system for ATM-satellite integrated mobile 
communication systems.
The issues involved in integrating the ATM and mobile satellite technologies were identified 
at the beginning of the work. As described early, the use of satellite to carry ATM traffic and 
to provide user mobility presents a number of problems due to the nature of the satellite 
environment. Amongst other factors the high bit error rate, long propagation delay and 
LEO/MEO constellation dynamics, personal mobility differ substantially from those around 
which ATM was conceived. These factors impact on the transportation of ATM traffic over 
satellite and on connection management related functionalities at the air interface. It also 
imposes a requirement to incorporate the mobility-related functions into the ATM protocol. 
These identified issues/problems are also common to other research areas that involve the 
integration of terrestrial and satellite protocols.
This work has thus been directed to addressing these problems and researching a viable 
solution to an effective radio connection management and mobility-enhanced call handling 
procedures. We target at minimising the difference in performance between terrestrial ATM 
and ATM over satellite and providing mobility extension into the ATM protocols whilst 
maintaining a high satellite channel efficiency and keeping as little as possible signalling 
modifications.
One of the contributions of this work is that a new and fully integrated ATM-satellite 
signalling protocol architecture, which accounts for mobility of ATM users, has been 
proposed. The proposed architecture is developed from the ATM protocol. The mobility 
functions and MAC, LLC functions are incorporated into the existing ATM layers. The 
proposed integration scenario, network elements and connectivity, protocol reference model 
and layered protocol functions have been presented. This architecture is a general structure 
for the overall system design.
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In order to achieve an efficient connection management scheme to support different ATM 
services with a minimal provisioning of satellite bandwidth, the MAC and ARQ protocols 
need to be optimised to adapt flexibly with the service types. This is because the connection 
management utilises the services provided by the MAC and ARQ. It relies on the MAC 
protocol to access and obtain the channel resource and utilises the ARQ to provide a 
reasonably reliable transmission that can satisfy the ATM layer QoS.
A service-adaptive MAC protocol is proposed. The protocol is based on a reservation-based 
demand assignment scheme. The proposed MAC scheme provides three different resource 
reservation and obtaining methods and adopts different resource reservation and allocation 
method flexibly with service types as shown in Table 7-1. The major advantage of this 
scheme is that it offers high channel efficiency.
Observing that current satellite systems use fixed assignment for signalling and that no work 
has been done to validate the application of the demand assignment MAC scheme to the 
signalling traffic, we further optimised the MAC scheme for its application into signalling to 
minimise the bandwidth wastage. This is a significant contribution of this work.
A signalling procedure is also proposed in order to apply the proposed demand assignment 
MAC scheme onto the signalling connections. Signalling protocols that use the demand 
assignment MAC scheme are called semi-permanent signalling protocols (SPSP). In contrast 
to the conventional permanent signalling protocol (PSP) where a dedicated signalling channel 
with a fixed bandwidth is assigned to an end user, the proposed SPSP requires the mobile 
terminal to go through a reservation procedure before sending the packets to the channel 
every time new signalling packets are generated. The number of timeslots that the mobile 
requests each time is equal to the number of the newly generated signalling packets.
The semi-permanent signalling protocol is a novel idea proposed in this work. The 
performance evaluation, in both error-free and fading channel conditions, shows that the 
proposed SPSP considerably improves the channel utilisation and signalling-request 
accommodation capacity. It also shows that the SPSP demonstrates comparative signalling 
delay performance to that of the PSP in good channel conditions whilst its signalling failure 
probability remains negligible. In spite of slightly inferior signalling failure probability and 
signalling delay of the SPSP to those of the PSP in the presence of channel fading, the 
performance difference can be minimised by increasing the number of resource reservation 
channels, limiting the number of retransmissions and increasing fading margin.
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The SPSP can be directly applied to the signalling that does not have a stringent delay 
constraint such as signalling establishment of non-real time services and real time services 
that can tolerate certain signalling delay. The SPSP is applicable to both satellite and 
terrestrial mobile systems.
A service-adaptive ARQ is also proposed. The proposed ARQ scheme can provide a 
reliability-dependent ARQ transmission to handle services that request different levels of cell 
loss ratios and cell transfer delay, and an adaptive timer retransmission to overcome the low 
throughput of the connections that are established via ISL and have changing link distance. 
The proposed ARQ adopts different transmission reliability according to different ATM 
services types as shown in Table 7-1.
Another significant contribution of this work is the proposal of the reliability-dependent SR 
ARQ (RDSR ARQ) protocol. This protocol, first proposed in this thesis, is the first such 
proposal that suggests discarding of some of the outstanding non-received packets, which 
have exceeded the required maximum CTD at the receiver, to speed up the transmission. The 
proposal is based on the observation of the inefficiency caused by the unlimited 
retransmission of outstanding packets in the SR ARQ that ensures a totally reliable packet 
delivery. However, unlimited retransmission of outstanding packets blocks the transmission 
of following packets and degrades the transmission speed. The requirement in ATM-satellite 
systems to support a variety of traffic types with different QoS requirements makes it 
necessary to enhance the conventional ARQ techniques for the delay constrained traffic 
transmission over satellite channels.
This scheme is capable of offering a better CTD performance and controlling the CLR 
compliant with the maximum allowable CLR. The scheme is suitable for mobile systems with 
long round-trip delays such as GEO satellite systems and other mobile systems that intend to 
provide high-speed transmissions to mobile terminals.
The Adaptive Timer SR ARQ (ATSR ARQ) that we have proposed is to overcome the low 
throughput of SR ARQ on a connection that consists of many ISL segments of LEO/MEO 
constellations. These connections generally have a time-varying distance characteristic. The 
study of the performance of SR ARQ protocol on end-to-end connections established via ISL 
is the very first research work in this area. The evaluation results show that the connections 
with time-varying distance degrade the efficiency of the SR ARQ protocol. The results also 
demonstrate that the adaptive timer SR ARQ (ATSR ARQ) is a viable and effective solution 
to improve the conventional SR ARQ performance on such a connection. It offers a good link 
efficiency and good cell transfer delay performance under a good channel condition. It can be
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applied directly to the reliable connections such as connections between two satellites or 
between two fixed earth stations licked by ISLs.
However, the performance of the adaptive time SR ARQ on a changing-length connection in 
the presence of channel fading needs further comprehensive and in-depth study. It is 
suggested to be carried out in the future work.
The combined RDSR/ATSR ARQ is proposed as the ARQ protocol most applicable to the 
mobile ATM-satellite networks. In fact, it is a strong candidate for future mobile satellite 
networks that intend to offer multimedia services.
Based on the proposed MAC and ARQ protocols, we have put forward an innovative 
proposal for a QoS-provisioning connection management scheme to transport the ATM 
traffic over satellite links. The proposed QoS-provisioning connection management scheme is 
the most important contribution of this work. The proposed connection management scheme 
effectively manages the air interface connections for ATM services through diversifying 
connection types, establishing QoS-based connections and deploying an efficient connection 
mapping and control scheme.
The advantage o f the scheme is that it can provide the specific performance objectives of 
CLR and CTD with minimal bandwidth provisioning for individual services. It enables the 
network to tailor the available bandwidth efficiently for different services with the different 
connection types associated with different transmission characteristics. It can also provide 
compensation for the QoS degradation caused by the mobile radio environment.
The performance o f the connection management scheme is evaluated by characterising the 
performance of CLR and CTD of voice traffic transmission in the presence of channel fading. 
The simulation results show that the scheme can ensure the required CLR and CTD for the 
voice transmission over the satellite using both reliable transmission and relaxed reliable 
transmission. When a high packet error rate occurs in the mobile channel, using the relaxed 
reliable transmission mode instead of the reliable transmission mode can improve the CTD 
performance whilst maintaining the required CLR.
The proposed radio connection management scheme requires an accurate approximation of 
the required effective bandwidth of the individual service. The accurate computation 
algorithms of the effective bandwidth for constant bit rate services and variable bit rate 
services under different channel conditions, which can satisfactorily provide both required
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CLR and CTD with a minimal bandwidth provisioning, need to be further investigated. This 
is suggested for the future work.
Finally, based on the proposed protocol architecture, multiple access scheme and radio 
connection management scheme, a reservation meta-signalling for setting up signalling 
connections at the user-network radio interface, and a mobility-enhanced call handling 
protocol derived from Q.2931 are proposed.
The advantage of the proposed ATM-satellite call control signalling is that it supports 
terminal mobility and satellite access functions whilst keeping a minimal modification to the 
fixed ATM signalling protocol. Call processing techniques such as authentication, location 
update, handover, incoming call delivery and outgoing call routing have been discussed. Call 
set-up procedures for both mobile originated and terminated calls are presented. We have 
demonstrated the incorporation of mobility specific signalling into the ATM Q.2931 standard 
and the possible call handling procedures that can be used in the ATM-satellite network.
9.2 Major Contributions
To highlight the work accomplished, the major contributions are summarised as following:
a Proposal of a new and fully integrated ATM-satellite signalling protocol architecture that 
provides mobility for ATM users.
© Proposal of a service-adaptive MAC protocol. Validation of the application o f demand 
assignment MAC scheme into signalling traffic and proposal of a semi-permanent 
signalling protocol.
© Proposal of a service-adaptive ARQ protocol. Proposal of a reliability-dependent SR 
ARQ protocol to support a variety of traffic types with different QoS objective, 
especially those delay-constrained services.
© Study for the first time the impact of distance changing end-to-end connections on 
performance of the Selective Repeat (SR) ARQ protocol, with particular reference to the 
connection routed via ISL of an LEO/MEO satellite constellation.
© Proposal o f an Adaptive Timer SR ARQ (ATSR ARQ) protocol to be used on a distance- 
changing connection for improved throughput performance.
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© Proposal of a QoS-provisioning radio connection management scheme for ATM via 
satellite, taking into accounts the influence of all four factors: the fading channel, MAC 
protocol, ARQ protocol and resource allocation.
© Proposal and verification of a Reservation Meta-signalling (RMS) for setting up 
signalling connections at the air interface in an ATM-satellite system.
The proposed signalling protocol architecture provides a protocol reference model for ATM- 
satellite integrated systems. The verification and demonstration of the advantages of the semi­
permanent signalling protocol, which offers a new method to improve the system channel 
efficiency on signalling connections, have been achieved. The proposed reliability-dependent 
SR ARQ protocol, which provides an enhanced and service-adaptive traffic transmission over 
satellite channels, provides a novel approach to optimise the transmission throughput to 
support a variety of traffic types with different QoS requirements in ATM-satellite systems.
The optimised MAC and ARQ protocol contribute to the efficient handling of the 
transportation of ATM traffic over satellites with user required QoS, and calls between the 
ATM backbone system and the mobile satellite system.
The proposed radio connection management scheme together with the optimised MAC and 
ARQ provides a framework of interworking protocols for ATM over satellites. It can also 
find applications in other systems that involve the integration of terrestrial protocols and 
mobile satellites.
The research work that has been accomplished herein provides a solution and guidance to the 
design of signalling protocols for mobile satellite systems to implement ATM technology or 
indeed other future protocols. It is perceived to be equally applicable to IP over integrated 
ATM-satellite networks.
9 .3  F u t u r e  W o r k
This research work has so far focused on the optimisation of the signalling and protocols for 
the point-to-point (PTP) connections. Further research work is expected to contribute to the 
optimisation of the point-to-multipoint (PTM) related protocols, such as PTM ARQ and PTM 
call control. In addition, other areas such as resource allocation and call admission control, 
which have not been comprehensively investigated in this work, require further research work 
as well. Drawing heavily upon the invaluable research conducted so far, including the work
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done in the ACTS projects, SECOMS and ASSET, we herein provide some suggestions for 
future work with respect to the above-mentioned aspects.
9.3.1 Performance of ATSR in the presence of channel fading
The performance of ATSR ARQ protocol on end-to-end connections established via ISL is 
studied assuming a reliable channel. However, the performance of the adaptive time SR ARQ 
on a changing-length connection in the presence of channel fading needs further 
comprehensive and in-depth study. It is suggested to be carried out as future work.
9.3.2 Point-to-multipoint ARQ scheme
Issues in PTM ARQ for ATM-satellite systems are different from those of PTP ARQ. They 
are more complex than those of PTP ARQ. This is mainly due to the following reasons:
1. PTM includes non-equal distances between senders and receivers. The delay between 
receivers and the root may be very different. This is different from a simple multicast 
problem. Most research work on PTM ARQ has assumed the simultaneous reception of 
packets from the root, however other non-simultaneous aspects should be appropriately 
addressed.
2. Retransmitted packets are sent over the multi-destination connection. If one receiving 
station suffers a relatively higher error rate than other stations, then the throughput of all 
the stations is essentially limited to the throughput achievable by that station. This may 
seriously degrade the real-time services.
Using the conventional GBN and SR ARQ in PTM will result in low throughput and long 
packet transport delays. In the fading channel, time and bandwidth are wasted on transmitting 
the same packets to all the receivers even though the retransmission is caused by only one 
receiver that fails to receive the packets correctly.
Unfortunately, a limited amount of work has been accomplished on the point-to-multipoint 
error control scheme [DEN93], A review of relevant research work is given in [SAM96], 
Little work has been done to apply or adapt the GBN or SR scheme to a PTM connection and 
evaluate the corresponding performance. However, most of this work assumes the same 
distance between transmitters and receivers, which may be invalid in the case of ATM- 
satellite PTM connections. Performance in fading conditions has not been investigated and 
schemes to overcome low throughputs need to be addressed.
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Therefore, more work needs to be carried out to investigate the impacts of large numbers of 
terminals on the ARQ performance in a fading condition, and to enhance and optimise the 
ARQ scheme to improve the protocol throughput efficiency.
9.3.3 Point-to-Multipoint call control signalling design
As mentioned in chapter 8, there are two potential problems associated with mobile PTM call 
set-up procedures in satellite systems. Firstly, the call set-up delay could be unreasonably 
long due to the long propagation delay and many leaf parties involved. Therefore, it is 
necessary to investigate the “add party and leaf join” call set-up performance within the 
satellite environment. The call set-up delay and the channel efficiency should be evaluated in 
a fading channel and the leaf dropping probability should be addressed. For a non-real time 
PTM connection, the semi-permanent signalling protocol can also be used and its 
performance needs to be evaluated.
It is foreseen that PTM will suffer from performance degradation for the channel fading and 
that enhanced ARQ protocols will be required to combat such effects.
Secondly, because each leaf requires a separate connection session, the total bandwidth taken 
from the uplink/downlink could be large and inefficient. In order to save on the uplink 
bandwidth, it is proposed to share the bandwidth between all the connection sessions on the 
uplink between the root SAT/GTW and the satellite payload. Thus, further research work is 
required to design a signalling procedure that allows such bandwidth sharing on the uplink or 
downlink.
In any cases where the ATM Q.2931 protocols are found to be inefficient for the satellite 
system, we recommend to find an improved efficient solution for the set-up in point-to- 
multipoint connections rather than simply to adopt the ATM standard.
9.3.4 Resource Management
Resource management has two major aspects in the ATM-satellite system. The effective 
resource allocation for signalling and data, and the resource management for handovers.
As the concept of effective bandwidth is used in packet transmission over satellite, an 
accurate effective bandwidth allocation scheme is required to allocate a suitable bandwidth to 
users. The allocated bandwidth needs to be the minimum bandwidth that can just ensure the
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users’ QoS throughout the communications. Such a scheme should take into consideration 
fading channels.
Handover resource allocation is another challenging area in which further work needs to be 
done. When the request to implement a handover is received by an MCS, it will initialise the 
handover procedure in the satellite network. A handover resource allocation scheme should 
be able to ensure sufficient resources to support the connections available along the new 
route. These resources include radio interface bandwidth, buffers needed in the MCS and the 
types of connection identifiers to be used. If these resources are not available for a 
connection, the connection cannot be supported with the quality required. In this case a new 
route with more available resources should be identified. The resources for handovers can be 
allocated using a procedure similar to the resource allocation needed at the connection set-up. 
However, a suitable resource allocation scheme for mobile ATM-satellite needs more 
thorough investigation.
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S y s t e m  d e s ig n  p a r a m e t e r s  o f  s o m e  p r o p o s e d  m o b i l e  s a t e l l i t e  
s y s t e m s
The recent satellite systems, including Iridium, GlobalStar, ICO, Odyssey and Teledesic, are 
intended to offer a variety of services covering voice, data, paging and fax. The major system 
design parameters including the constellation parameters are given in the following table.
Uplink parameters 
(Earth-to-space) LEO MEO
Iridium Globalstar O dyssey ICO
Orbit
Altitude (km) 780 1414 10354 10355
Satellite separation 
(degrees)
32.7 60 90 72
Number of 
satellites
66 48 12 10
Orbital planes 6 8 3 2
Inclination angle 
(degrees)
86 52 50 45
Orbital period 
(min)
100 113 359.5 358.9
Satellite max. 
Visibility time 
(min)
11.1 16.4 94.5 115.6
Frequency bands, G H z
M obile-to-satellite, service
Uplink frequency, 
GHz
1.616- 1.6265 1.610- 1.6265 1.610- 1.6265 1.98-2.01
Downlink 
frequency, GHz
1.616- 1.6265 2.4835 - 2.50 2.4835 - 2.50 2 .1 7 -2 .2 0
Earth station-to-satellite, service
Uplink frequency, 
GHz
27.5 - 30 5.09 - 5.25 29.1 -29 .4 5
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Downlink 
frequency, GHz
18 .8 -20 .2 6.875 - 7.055 19.3-19 .6 7
Intersatellite 
crosslink, GHz
23 .18-23 .38 None None None
Satellite characteristics
Number of spot 
beams per satellite, 
for the service links
48 16 61 163
Frequency reuse, 
cells per cluster
12 1 3 4
9
Beam size, km 1.8x l05 to 
7 x l0 5
6 .3x l05 to 
2 .3x l06
9.7 xlO5 
(6.3°)
5 x l0 5 to 
2x l06
Average beam 
sidelobes, dB
-20 -15 -20 -20 (peak)
Total satellite 
output power, dBW
31.5 30 37.9 34
Average gain / 
beam, dBi
17 to 25 N/a 24 tO 28 30
Satellite mass, kg 700 450 2207 1925
Minimum elevation 
angle, (degrees)
8.3 10 20 10
Transmission parameters
Voice telephony, 
kb/s
2 .4 /4 .8 2.4/4.8/9.6 4.8 4.8
Data for BER < 1 0  
“3, kb/s
2.4 7.2 2.4 - 9.6 2.4
Modulation QPSK QPSK QPSK QPSK
Coding FEC FEC FEC FEC
Access scheme FDMA/TD
MA
FDMA/CDMA FDMA/CDMA FDMA/TDM
A
Duplex scheme TDD FDD FDD FDD
Frame length, ms 90 N/a N/a 40
Burst rate, kb/s 50 N/a N/a 36
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Logic Channels
The definition and description of the logic signalling channels required at the air interface of 
the integrated ATM-satellite system are as follows and their applications and multiplexing 
mode are summarised in the following table. These channels are defined based on the 
operation requirements of the proposed ATM-satellite signalling system and logic signalling 
channels of GSM.
I Channel j 
1 name
Description Application From To Multiplexing
u s e Uplink Synchronisation 
Channel
Synchronisation SAT P/L Slotted Aloha
DSC Downlink Synchronisation 
Channel
Synchronisation P/L SAT TDM 1
1 RRC Resources Request 
Channel
Resource
Reservation
SAT TRM Slotted I 
ALOHA 1
RAC Resources Assignment 
Channel
Resource
Assignment
TRM SAT T D M  |
FC Feedback Channel Feedback
Information
TRM SATs TDM j
BC Broadcast Channel Broadcast
Channel
MCS SATs TDM j
|  CSC 
1 (SAT)
Common Signalling 
Channel
Common
Signalling
MCS SATs TDM
I DMS C Dedicated Meta-Signalling 
Channel
Meta-signalling SAT MCS DAMA
DSCC 
t (SAT)
Dedicated Signalling 
j Control Channel
Dedicated
Signalling
SAT
MCS
MCS
SAT
TDMA
TDMA
E PCC Paging Channel Paging MCS SAT TDM
1 SASC Slow Associated Signalling 
Channel
Associated
Signalling
SAT
GTW
GTW
SAT
TDMA
TCH Traffic Channel Traffic Channel SAT
GTW
GTW
SAT
TDMA
FSCC Forward Satellite Control 
Channel
Resource
Management
MCS TRM TDMA
RSCC Return Satellite Control 
Channel
Resource
Management
TRM MCS TDM
DSCC
(GTW)
Dedicated Signalling 
Control Channel
Dedicated
Signalling
MCS
GTW
GTW
MCS
TDMA
CSC
(GTW)
Common Signalling 
J Channel
Common
Signalling
MCS
GTW
GTW
MCS
TDM
J GRRC | GTW Resource Request 
Channel
Resource
Reservation
GTW TRM Slotted Aloha 1
GRAC GTW Resource Assignment 
Channel
Resource
Assignment
TRM GTW TDM |
Logic signalling channel summary.
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1. Synchronisation Channels
USC (Uplink Synchronisation Channel) -This channel enables the user terminals to perform 
an initial acquisition to get synchronised to the network. The adopted access scheme is slotted 
ALOHA for the user terminals.
DSC (Downlink Synchronisation Channel) -T his channel contains the information used by 
each terminal to synchronise itself to the downlink reception by recognising the start of each 
frame. It contains the DLUW, the frame counter, the satellite position, the spot beam ID, the 
carrier identifier and carrier configuration. The adopted access scheme is fixed.
2. Multiple Access
RRC (Resources Request Channel) -  This channel enables the user terminals to request 
capacity by a means of an out-of-band reservation with the TRM. The adopted access scheme 
is slotted ALOHA for the user terminals.
RAC (Resources Assignment Channel) -This channel contains the resource assignment to the 
terminal. The information includes the assigned carrier frequency error, number of timeslots, 
holding time and channel positions. The adopted access scheme is fixed.
FC (Feedback Channel) -  This channel contains the access results of the corresponding 
uplink RRC request and network access control information. The adopted access scheme is 
fixed.
BC (Broadcast Channel) - This channel contains the network announcement message which 
should be listened to by all the terminals. The adopted access scheme is fixed. The adopted 
multiplexing scheme is TDM (Time Division Multiplexing).
CSC (Common Signalling Channel) -T his channel supports general network control related 
signalling procedures. It enables the MCS to send the signalling messages to the terminals. 
The adopted multiplexing scheme is TDM (Time Division Multiplexing).
3. DLC
DMSC (Dedicated Meta-Signalling Channel) - This channel supports metasignalling. It 
enables the dialogue between the SAT and the MCS or SAT to the GTW (from the GTW to 
the MCS). The adopted access scheme is assigned TDMA (Time Division Multiple Access).
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DSCC (Dedicated Signalling Control Channel) -  This channel supports authentication and 
connection control procedures; it enables the dialogue between the SAT and the MCS or SAT 
to the GTW (from the GTW to the MCS). The adopted access scheme is assigned TDMA 
(Time Division Multiple Access).
4. Radio Connection Control
PGC (Paging Channel) -  This channel contains the paging message to call for a terminal to 
access network. The information includes the terminal ID, the paging reason and the calling 
user ID. The channel is from MCS to SAT and it is a TDM multiplexing channel.
SASC (Slow Associated Signalling Channel) -  This channel is a low rate signalling channel 
associated with a dedicated TCH channel. This channel is used to convey some information 
regarding the channel measurement, handover reports (from SAT to MCS or from SAT to 
GTW). This channel adopts TDMA multiplexing.
5. Call Control
TCH (Traffic Channel) - This channel supports traffic transportation between SAT and GTW 
or between SAT and MCS. It enables the dialogue between the SAT and the MCS or SAT to 
the GTW (from the GTW to the MCS). The adopted access scheme is assigned TDMA (Time 
Division Multiple Access).
6. Channels between MCS - TRM
FSCC (Forward Satellite Control Channel) - This channel supports traffic resource 
management and traffic control related signalling. It enables the MCS to send the signalling 
messages to TRM (from the MCS to the TRM). The adopted access scheme is TDMA (Time 
Division Multiple Access).
RSCC (Return Satellite Control Channel) - This channel supports traffic resource 
management and traffic control related signalling. It enables the TRM to send the signalling 
messages to MCS (from the TRM to the MCS). The adopted multiplexing scheme is TDM  
(Time Division Multiplexing).
7. Channels between MCS - GTW
DSCC (Dedicated Signalling Control Channel) -  This channel supports connection control 
procedures for each connection; it enables the dialogue between the GTW and the MCS (from
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the GTW to the MCS) in order to set up a traffic connection. The adopted access scheme is 
TDMA (Time Division Multiple Access).
CSC (Common Signalling Channel) -  This channel supports the generally signalling 
communication between MCS and GTW. It is fixed channel and its multiplexing scheme is 
TDM (Time Division Multiplexing).
8 Channels between G TW -TRM
GRRC (GTW Resource Request Channel) - This channel supports traffic resources request 
from GTW to TRM. It enables the GTW to request extra bandwidth in the case that a buffer 
overflows on a connection (from the TRM to the GTW). The adopted multiplexing scheme is 
Slotted Aloha (Time Division Multiplexing).
GRAC (GTW Resource Assignment Channel) - This channel supports traffic resources 
assignment procedures. It enables the TRM to send the detailed resource assignment message 
to GTW (from the TRM to the GTW). The adopted multiplexing scheme is TDM (Time 
Division Multiplexing).
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